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HISTORIC AMERICAN ENGINEERING RECORD

BOSTON ELEVATED RAILWAY COMPANY - ELEVATED MAINLINE STRUCTURE
(MBTA - ORANGE LINE)

HAER NO. MA-14

LOCATION: The extant (1986) portion of the original elevated Mainline of
the former Boston Elevated Railway Company (BERy) is located on
Washington Street, in the South End, Roxbury and Jamaica Plain
districts of Boston, Mass. and runs between the South Portal bf
the Washington Street tunnel and the Forest Hills Station, repair
shops, and storage yards (B8ents #1215 to #772). The original
Mainline of the Boston Elevated Railway ran from Sullivan Square,
Charlestown to Dudley Street, Roxbury and was later extended to
the Forest Hills Station. The remaining structure consists of six
stations. Bent numbers are indexed on plans in the files of the
Massachusetts Bay Transportation Authority (MBTA) Engineering

Department. Grid Coordinates refer to the Boston South Quad.

STATIONS GRID COORDINATES

1.) Dover Street (Bents #1174-1181) 19,0329780E,4689820N
2.) Northampton Street (Bents #1093-1098) 19,0328880E,4689000N

3.) Dudley Street (Bents #1024-1040) 19.0328260E,4688250N
4,) Egleston (Bents #908-915) 19,0328030E . 4686760N
5.) Green Street (Bents #857-864) 19,0326500E.,4686070N

6.) Forest Hills (Bents 783-789) 19.0325780E,4685100N
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DESCRIPTION: The Mainiine of the BERy at one time consisted of six sections

which traversed the congested areas of Boston and Charlestown to
Roxbury and Jamaica Plain. For convenience these sections will
be categorized alphabetically, according to their original loca-
tions, and hereafter will be referred to by Section letter. The
main body of this report concerns Section F. The sections are
indexed on plans of the former BERy, MTA and the current MBTA,

These plans have been included in this study as Fig. No. HD-1,

HD-2, HD-3, HD-4, and HD-5.

* * k *

This report with the accompanying illustrations was compiled to

serve as a mitigatory documentation of this structure in order to

comply with the requirements of the Memorandum of Agreement,

signed February 1978 by the Advisory Council on Historic Preser-

vation; Urban Mass Transportation Administration; and the Massa-

chusetts State Historic Preservation Officer.

* k Kk X

SECTION A

Formerly the Charlestown Division of the Boston Elevated Railway Company
(BERy). Constructed in 1898-1901, Su}]ivan Square Terminal southerly
through Charlestown to the North Portal of the subway. Included City
Square, Thompson Square, North Station stations and the Charlestown
drawbridge over the Chaf]es River (built in 1896-1899 by the Boston

Transit Commission). This section was abandoned in 1975 and was demolished

in 1976-1977 when the new Orange Line subway was extended to Medford along
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the Boston and Maine Railroad right of way. Only Tower "C" was saved from
demolition and moved to the Seashore Trolley Museum at Kennebunkport,

Maine.

SECTION A-1
Extension of the Charlestown Division line easterly into Everett. Con-
structed in 1916-1919, Included only one station -- Everett (built by the

BERy). Discontinued in 1975 and demolished in 1976-1978,

SECTION B
North Portal to Pleasant Street Station (now Broadway) via the outer tracks
of the Tremont Street Tunnel which was adapted to elevated train use in
1301 by the construction of higher platforms. This link was returned to
full streetcar use in 1908 with the construction of the Washington Street

Tunnel,

| SECTION C

Pleasant Street Station, up the incline, over the Boston and Albany and New
Haven Railroad right-of-way tracks, and along Castle Street as an elevated
structure, to Tower "0" (Bent #1200) on Washington Street, Constructed by
the BERy in 1901 to link the Washington Street elevated to the South

Portal of the Tremont Street Subway. Abandoned in 1908, Demolished in

1935, Inc¢line portion remained until demolition in 1961,
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SECTION D

Elevated structure along Atlantic Avenue from Tower C at North Station to
Tower O at Washington Street. Constructed in 1901 and in use until 1938.

Demolished in 1942,

SECTION E
North Portal to South Portal via Washington Street Tunnel. Built in
1904-1908 by the Boston Transit Commission. This section will continue in

use after demolition of the elevated structure.

SECTION F
South Portal to Forest Hills repair shops. This line was originally known
as the Roxbury Division of the BERy. The line is divided for identifica-

tion purposes into the following sub-sections:

SECTION F-1
South Portal (Bent #1215) to Tower D at Washington Street. Built in 1908 by
the BERy to connect the new subway tunnel to the Washington Street line of
the Roxbury Division, Structural system is plate girder bents with longi-

tudinal plate girders.

SECTION F-2
Tower D at Bent #1200 to Bent #1143 south of Dover Street Station. Built
between 1899 and 1901 as part of the BERy Roxbury Division to Dudley

Terminal. Plate girder bents with longitudinal truss girders.
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SECTION F-3

Bents #1143 to #1068 along Washington Street. Built between 1899 and 1901
by the BERy. Includes Northampton Street Station. Arched truss bents with

longitudinal truss girders.

SECTION F-4

Bents #1143 through #1100 to the Bartlett Street Yard. Built in 1899 to
1901 by the BERy as part of the original Roxbury Division. Includes the
Dudley Terminal and the Guild Street yards and repair shops {discontinued
in 1923). Plate girder bents with longitudinal truss girders. Loop around

Dudley Station is marked by Bents T-1 through T-28,

SECT1ON F-5

This section is the beginning of the Forest Hills Division. Construction
work began on May 2, 1906 and service began on November 22, 1909, Work
included rebuilding the loops and platforms at ODudley Street Station and
the construction of Egleston Station. Section F-5 runs as an elevated
structure from Bent #1000 to #797 at the Arborway yards. Construction is
plate girder bents with plate longitudinal girders. Green Street Station

was added aon as a suspended structure in 1912,

SECTION F-6

This section was a specially designed steel framework encased in concrete,
Bents #979 to #7823 include Forest Hills Station., Built in 1908-1909 by the

BERy.
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SECTION F-7

Bents #783 through #772 constitute the Forest Hills train storage yards and
the repair shops. This extension was built in 1921, Repair shops built in

1923, Incliudes Tower “H". This section was demolished in 1984.

Dates of Construction: Sections F-1 through F-4: 1898 - 1901
Sections F-5 through F-6: 1906 - 1910

Section F-7: 1921 - 1923

Engineers/Builders: Boston Elevated Railway Company Engineering Department:

George A. Kimball, Chief Engineer

Present Owner: Massachusetts Bay Transportation Authority (MBTA)

10 Park Plaza, Boston, Mass. 02116

Present Use: Remaining portion of the original BERy elevated Mainiine
Structure is currently in use as part of the MBTA's
Orange Line rapid transit service from Forest Hills to
Medford, Mass. The elevated portion (Section F-1
through F-7) serves from the South End through Jamaica
Plain, The entire structure is slated for demoiition
when the new Southwest Corridor segment of the Orange

Line rapid transit is completed.

Significance: This portion of the Orange Line elevated is historically
significant as Boston's first elevated line, built

during a period of world-wide interest and experimen-
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tation with elevated railways; and as the product of

Boston's last privately-owned transit company, the

Boston Elevated Railway Company.

Architecturally, it is significant for the quality of
its original station architecture, which was designed by
the prominent local architect, Alexander Wadsworth Long-
fellow. Llater alterations were carried out under con-
sultation with other leading Boston architects, such as
Robert Swain Peabody and Edmund Wheelwright., In gen-
eral, it represented the most advanced transportation
planning of its day and is a good case study, on a small

scale, of rapid transit at the turn of the century.

Cynthia Zaitzevsky - Consultant in Architectural History
to Kaiser Engineers, Inc./Fay, Spofford and Thorndike,
Inc. (Coordinating Consultants to the MBTA for design
and construction of the new relocated Orange Line --

Southwest Corridor Project)
Christine Fernandez Carvajal - Research Assistant

Calvin QOpitz - Assistant on Structural Engineering

Portion

Nikita Zaitzevsky - Assistant
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Chagter 1

Introduction and Significance of the Orange Line Elevated

Ever since Boston's earliest days Washington Street has been the main route
for transportation between Boston and Roxbury and all other towns in the
southwest portion of the larger city. The earliest stagecoach followed by the
omnibuys and later by horse-drawn and then the electric streetcar all used this
route that was to become so heavily travelled that by the 1880's it had become
imperative to build an elevated railway to provide rapid transit north and south
of Boston. This section of the elevated structure from Oover Street to Forest
Hills is the last remnant of a larger system of elevated railroads that served

Boston at the turn of the century.

Boston was one of the last major American cities to build an elevated rapid
transit line. The system was developed first in New York City and refined in

Chicago, where third-rail electric motive power was first used.

Because it was built comparatively late, the Boston Elevated structure
could use advanced rapid transit technology borrowed from many different sour-
ces. It is today a good case study, on a small scale, of the "State of the Art"

of rapid transit at the turn of the century.

The Orange Line is significant not only from the point of view of tech-
nology but it also represented the most advanced transportation planning of its
day. The BERy was the first company in the United States to include subways,

elevated transit and surface trolleys -- all operating under one management.
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In contrast to a system with many competing lines and companies (the usual

sjtuation in most cities), the public could transfer from one section to another

of the BERy without paying more than one fare.

The early history of the Boston Elevated Railway and the Orange Line
i]]uétrates how Boston avoided the excesses of both total public control and
free-wheeling private enterprise, A1l major cities building transit systems at
that time had such problems in common, but in Boston a balance was struck:
private management ran the system but government regulated it and also built

the subways.

Although it was a small system, Boston's distinctive topography caused many
difficult ptanning and engineering problems. Narrow curving streets, high den-
Sity in the downtown area, limited arteries into the center of Boston, the hilly
terrain, the Boston Common and Public Garden, and settled residential districts
made the task difficult for the Civil Engineer. Contemporary descriptions of
the system continually extolled the work. It remains today an impressive under-
taking. By studying this system today, we learn on a modest scale about the
problems of other transit systems of that era, We can also more fully appre-

ciate the engineering capabilities that built this system,
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Chapter 2

History of Public Transportation in Boston

Until the mid 19th century, Boston was a peninsula surrounded by water on
three sides and connected to Roxbury on the south by a neck of land. Cambridge
to the west and Charlestown to the north, connected to Boston by bridges, were
the only other important éommunities. People lived close to their work and
rarely travelled beyond their own communities. Except for private coaches and
horses for the well to do, stagecoaches, omnibuses and, later, trains were the

only methods of distant travel.

The omnibus, a horse-drawn bus with a rear entrance, was the first form of
public transportation rumsning on a regularly scheduled basis. In 1826 the first
omnibus 1ine in Boston opened. This ran to Cambridge, and by 1830 there was a

similar line to Roxbury. Both were privately operated.

These early omnibus 1lines used approximately the same routes as at least two
of the major branches of Boston's later public transportation system: The Red
Line serving Cambridge/Boston and Ordange Line serving Roxbury/Boston/

Charlestown {HP-1) (For explanation of illustration designations, see Notes,

Chapter 2.)

In 1856, the first horse-drawn street cars were introduced from Harvard
Square, Cambridge to Bowdoin Square, Boston, Although steam railroads had
been operating since the 1830s under charters from the Massachusetts

Legislature, their service was limited largely to routes between cities and
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towns., By the middle of the century, Boston's population had increased greatly

and there was a pressing need for rapid transit within the c¢ity.

The first such company was the Cambridge/Boston Company (1856), followed by
the Metropolitan Railroad Line. This change underscored the evolution of Boston
from a compact mercantile city to a larger one fed by the suburbs. Horse
railways operating under a public franchise offered a faster and more comfor-
table ride than the omnibus. Under Massachusetts law, a franchise was a revo-
cable right, granted by a municipality, to operate over public roads; thus the

public had some control over the privately operated horse railways.

The Legisiature and the Boston City Council subscribed to the then universal
belief that free competition among many companies on public streets would pro-
vide the best service for the general public., In most large cities, especially
New York and Chicago, there were many independent lines spread out over a wide
geographical area. In spite of municipal corruption, the traction franchises

sti11 ensured reasonably good public service,

In Boston, because of local topography, the situation worked out dif-
ferently. All traffi¢ from the north and south was funnelied into the downtown
along the two main downtown streets: Tremont and Washington, As Boston's popu-
lation and business district grew, the surrounding towns became bedroom suburbs,

and in turn caused the public transportation system to become overloaded.

By 1865 there were four main horse street railways:

The Middlesex Railroad - serving the North (Charlestown);
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Union Railway - serving the West (Brighton, Cambridge, Somerville,

Watertown, and Arlington};

Metropolitan Raiiroad -~ serving the Southwest (Brookline, Dorchester,

Roxbury, West Roxbury);

South Boston Railroad - serving the South (South Boston, Dorchester}.

In 1872 and 1881, the Highland Street Railway, serving Roxbury and

Dorchester, and the Charles River Railway, serving Cambridge and Boston

were established.

The lines were largely independent, and there were few crosstown lines or
transfers. In the congested downtown area, the 1ines had to share a few tracks
along Tremont and Washington Streets (HP-2, HP-3)}. Fragmented service and
competing lines were not the answer to Boston's expanding business growth and

papulation,

By 1860, traffic was 50 million riders, and, in 1885, it had climbed to 80
miilion. Al1 large Aherican ¢ities had similar transportation problems and
tried various solutions. In 1873, the cable car was invented in San Francisco
and quickly was adopted in New York, Chicago and Washington, D.C. The horse-
drawn street car had reached the limits of its effectiveness. It could not tra-
vel long distances at a high speed or carry heavy loads of passengers, and the

cost of maintaining large stables of many horses was becoming prohibitive.

The cable car was the first practical method of increasing the effectiveness

of mass transportation. Although the cable cars worked well in cities with
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broad straight avenues, they were not feasible on Boston's crowded streets,

which had to carry several lines.

In Berlin, in 1881, Werner Siemens put into operation the world's first
electric streetcar. This was followed by various attempts by Charles Van
Depoele and Leo Daft in the United States to develop a workable electric

streetcar,

The rapid development of technology in the 1880s provided a solution, The
first practical electric streetcar system was realized by Frank Julian Sprague

in Richmond, Virginia in 1887 -- a major step in transit history.

Meanwhile in 1886, Henry Melville Whitney, Eben Jordan and others had
purchased a vast amount of land along Beacon Street in Boston and Brookline to
develop as real estate. They also chartered the West End Railway to provide
street car transportation into Boston, Whitney soon realized that all seven of
the then competing roads would have to be combined into one economical line.

His strong financial backing and his political role as an enlightened Democratic
business man gave him the legislative support to create the requisite transit

monopoly in Boston and its major suburbs,

Whitney, in less than a year, had organized the seven separate Tines into a
single integrated transit system using the “division system" of organization
employed by major railroad companies. The best executives from the old lines

were placed in responsible positions within the new company.
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Frank L, Sprague's success with the electric street car in Richmond,
Virginia convinced Whitney that electric traction was the solution to the short-
comings of the horse cars. He electrified the Beacon Street Line of the West
End Railway in 1887, making Boston the first major city in the world to employ
electric streetcars., By 1892, the trolley cars accounted for two thirds of the
city use, and, by 1894, more than 90% of the Tines were electrified (HD-100).
Contemporary accounts describe the progress of the West End:
Within a single year this company, through the financial
genijus of its organizers, had accomplished the consoli-
dation of all the great street railway companies of the
city, operating 231 miles of track, the largest street
railway system in the world.... It is probable that
more problems of mechanical engineering and of railway
administration have been grappled 'ab initio' by this
one company than by any other team of street railway

companies in the last fifty years, [1]

Although the West End provided excellent transit service, there were still
problems, Ridership kept increasing, and the number of persons and streetcars
going into downtown Boston began to choke the downtown streets again. There
were many proponents of an elevated railroad to provide rapid transit. This had
been the solution in New York City, where the first elevated railroad powered by
steam locomotives was built. Chicago, another city with broad, long avenues,
also had a network of elevated railroads beginning in 1892, Most Bostonians did

not want the noise and ugliness of elevateds in downtown Boston, but the resi-
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. dents of outlying sections of the city were in favor of an elevated railroad
that would shorten travel time into Boston. Charles Cheape has chronicled the
comptex struggles that went on in Boston as the public sought a solution to the

traffic jams in downtown Boston. [2]

In 1891, the Legislature set up a Rapid Transit Commission to resolve the
transit impasse. After many hearings and much research, the Commission made
several recommendations for Boston's future transportation system. Three recom-
mendations were especially important:

1} North and South Stations should replace the numerous railroad stations

then serving Boston;

2} An electric streetcar subway should be built under Tremont Street;

3} A system of elevated and subway lines should be built to Charlestown,

. Roxbury, Cambridge, and Boston,

Stat. 1894 Chap., 548 -- An Act that incorporated the Boston Elevated Railway
Company (the "Meigs Charter") and authorized numerous transit routes in the Boston
Metropolitan area -- was the first regional approach to mass transportation.

Later Acts were:

1) Stat. 1895 Chap. 440 -- An Act that authorized the construction of

subways in the City of Boston;

2) Stat. 1896 Chap. 492 -- An Act that placed limits on the West End

Railway in its use of the subway;
3} Stat. 1897 Chap. 500 -- An Act that authorized the Mass. Railroad
Commission to use other systems besides the Meigs. This 1aw also:

a} Authorized construction of the Cambridge Subway;
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b} Laid out routes of a proposed elevated railway;
c) Gave the Mayor of Boston authority to review and approve
architectural and engineering plans of an elevated railway;
d) Established a five-cent fare with right of free transfer;
e} Required that the elevated railway run through a subway in the center
of Boston;
f) Authorized construction of a new rapid transit bridge from Boston to
Cambridge across the Charles River;
g) Authorized construction of a rapid transit tunnel to East Boston
under Boston Harbor;

h} Declared franchise rights of the BERy to be irrevocable.

This was an unusually comprehensive and well thought out law that resolved most
of Boston's transportation dilemmas. From this point on, good public policy and
sound traction management were to be characteristic of the city's transportation

system for many years to come,

After Henry Whitney left the West End Railway in 1893, that company lost its
strong direction and failed to take advantage of the new legislation. A com-
peting group of financiers headed by J. P. Morgan bought out the o1d Meigs
franchise through the Boston firm of Kidder Peabody in 1895, The new directors
had the requisite backing to finance construction of the "Elevated." They also
proved able to overcome the public's objection to the structure. After some
maneuvering, the Morgan group bought controel of the West End, which, on December

9, 1897, was absorbed by the Morgan run Boston Elevated Railway. The new BERy
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now had both a financial and legal monopoly over most public transportation in

Boston and its suburbs.

The Act of 1897 also resolved the dispute over the location of the Elevated

structure, In 1B95, the Boston Transit Commission had begun construction on the
Tremont Street Subway, which opened on September 1, 1B97. The new charter
allowed the BERy to use the Tremont Street Subway for its elevated trains. This
solution prevented the disfigurement of downtown Boston by elevated tracks while
providing for their construction in the outlying suburbs of Roxbury and

Charlestown,

The creation of the West End Railway and the BERy had understandably caused
many reform minded individuals, led by Louis D. Brandeis, to fear that these
giants would abuse their potential monopoly powers, [t was a complex dilemma.
There was little confidence in the ability of the often corrupt municipal
governments to operate public transportation. Therefore the prevailing sen-
timent favored private enterprise, Yet only a company with near total monopoly
powers could operate rapid transit systems effectively. Boston's eventual solu-

tion of public and private control was unique in the United States.

In other major American cities, traction companies managed to wrest total
control from the public, By contrast, in Europe, municipal governments sub-

sidized and completely controlled public transportation.

In Boston, the public component was the Boston Transit Commission chartered

by the State Legislature., The Commission built the subway and leased it to the

BERy to be used by its rolling stock. Thus the major capital expenditures for
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subway construction (more costly than an elevated structure but more desirable
for use in the downtown area) would be undertaken by the City of Boston using
its lower interest rate on bonds. The BERy, with the approval of the State and
the City, then built the elevated structure and connected it to the subway.
With its impressive financial resources, it could build the structure, the sta-
tions and the outlying street lines and operate the entire system. The public
benefited because the monopoly was partially under control of the electorate.

The individual rider benefited more directly from the five-cent fare and the

right of free transfer.
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NOTES
Chapter 2

[1] The Street Railway System of Boston - Street Railway Journal - April 1895,

(2] Charles W, Cheape, Moving the Masses - 1980,

References to illustrations are designated as follows:

HP-1 through HP-117 refer to Historic Photographs and are indexed in
Appendix "C,"

HD-1 through HD-100 refer to Historic Drawings and are indexed in
Appendix "D,"

MA-14-1 through MA-14-85 refer to Contemporary Photographs and are listed
in the "Index to Photographs."
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Chapter 3

Construction of the Elevated Structure 1898-1901

Once the legal problems surrounding the granting of a clear charter to the

Boston Elevated Railway and its franchise to build a third-rail, electrically

operated, elevated rapid transit system {using the then new multiple unit cars)
had been resolved, the management of the BERy immediately began planning work

for the proposed elevated structure.

George A. Kimball (1850-1912), a respected local civil engineer, was
appointed chief of the Engineering Division to plan, design and construct the
elevated railway. Kimball had served for eleven years as chief engineer for the
City of Somerville and had gone on to distinguish himself as the engineer for
the Metropolitan Sewage Commission. In the 1880's this agency had been pri-
marily responsible for building a vast regional sewage system for metropolitan

Boston -- a major civil engineering feat for its day.

Under the terms of Chap. 500 Acts of 1897, the BERy was first required to
submit ptans of the route to the Massachusetts Railroad Commission, which at
that time was empowered to supervise all railroads and street railways, for
review and approval. The plans then had to be approved by the Mayor and Common

Council of the City of Boston,

The main public criteria were that the structure be light and airy and that
the stations be of superior architectural appearance. Although New York City

had been constructing and operating elevated railways since 1873 and Chicago
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since 1885 (HP-4), Boston was just now accepting this already standard form of
rapid transit. New York's system of steam locomotives pulling wooden railroad
cars had not impressed Bostonians. The structure of the New York Elevated
(HP-5, HP-6), though elegant and open in the early stage of development, became
less attractive as solid plate girders were used in the later extensions. The
combination of noisy, smoky, dirty trains runnning over structures that blocked

out the sunshine on the streets below was something that 8ostontans wished at

all costs to avoid,

Moreover, with its sophisticated architectural and civil engineering forms,
'the Berlin elevated railway system set a standard of excellence which Bostonians
tried to achieve (HR-14), [1] The BERy executives made every effort within
their limited budget to avoid the mistakes of the New York systems and to

enulate the successes of the Germans.

The basic design of the elevated structure was quite similar to the one
developed in New York City (HP-7) and later perfected in Chicago. The prelimi-
nary designs were done under the direction of J.A.L. Waddell, who had been pri-
marily responsible for the design of the Chicago system. The structural and
civil engineering work was done by the Engineering Oepartment of the Boston

Elevated Railway Company. (Chapter 6...5tructural Analysis and Description of

the Elevated Structure discusses in greater detail the engineering aspects of

the elevated structure,}

In general, the tracks were laid 24 feet apart on center except on narrow

streets where they were 12 feet apart (H0-15), The rails were 85 lbs ASCE
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sections spiked to hard pine ties 16 inches on center, which in turn were boited
to the steel structure. Every fourth tie was extended out to support a sidewalk
for track maintenance men. The trackwork was supported on bents consisting of
steel columns supported on heavy concrete foundations, Heavy cross girders con-
nected the columns and longitudinal girders with ¢ross bracing supported the

tracks, After a long design review process, the final approval for the system

came on April 29, 1898.

Construction began on the Dudley Station site on January 23, 1899,
Property condemnation proceedings had already commenced allowing for demolition
of any structures in the way. Contracts for steel work along the Roxbury
Division were awarded primarily to the Pencoyd Bridge Co. of Pencoyd
Pennsylvania, a noted bridge building company, which already had considerable
experience with the then new steel technology of fabrication and construction,
Other steel work was executed by the Carnegie Steel Co. and the Pennsylvania
Steel Co, Terry and Trench Co. of New York City were selected as general
contractors for the steel erection primarily because of their experience in

putting up elevated railroad structures in New York City.

While construction on some parts of the Elevated, in Charlestown and on
Pleasant Street and Atlantic Avenue (HP-26, HP-27), was carried on in a normal
fashion during the day, most of the work on the Washington Street segment was
done at night. While efficiency and speed were considerations, the main reason
was to avoid touching the live wires that fed the trolley cars running along
Washington Street. (The lines were either removed from the portion under

construction at night or else the power was cut.)
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The BERy specifications stipulated that, wherever there were surface

tracks, materials should be delivered to the narrow portions of the streets each
evening after 7pm and that construction could take place only between the hours
of midnight and Sam. Columns and girders were fabricated in the shops of the
bridge companies doing the work, delivered by railroad car to the nearest
siding and finally hauled to the site by trucks pulled by horse teams (HP-24).
Photographs show how the first columns were erected on Washington Street near
Dover Street (HP-19). After the cross members were in position, a traveller was
installed to 1ift succeeding bents into place. Incandescent Tights were also
hung from the traveller. All steel members were riveted together, As each bent
was set into place and the longitudinal girders attached, the traveller pulled
itself forward along the tops of the girders on rollers to the next stop and

installed the next section (HP-21, HP-22).

The work was carried out in five segments (HD-1):

a,) The Charlestown Main Division:

b.) The portion over the Charlestown B8ridge which itself had been built in
1895 by the Boston Transit Commission;

c.) The conversion of the Tremont Street Subway, which originally consisted
of four tracks for streetcars and was modified by the BERy to allow use
of the high platform third rail trains on the two outside tracks;

d.) Building an inclined connector between the tunnel portal at Pleasant
Street across the Boston and Albany Railroad tracks and Tower D at

Washington St., (HP-9, HP-11, HD-5);
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e.) The construction of the Roxbury Main Line along Washington Street (now

called the elevated portion of the Orange Line) to the terminal at

Dudley Street,

The 1ine was planned as an elevated rapid transit railway between several
stations spaced at long intervals for passengers arriving by surface streetcars.
Since Boston streets were too narrow to allow more than two tracks, the New York
and Chicago system of four-track lines consisting of express trains and local
trains was not used, Since the BERy also had the unique advantage of

controlling all local lines with the right of free transfer, the system of a

limited number of stations spread far apart was feasible. The Roxbury Division
was planned to service local lines at Dover Street, Northampton and finally
Dudley. These street car lines served Brookline, Newton, Dorchester, Roxbury,
Jamaica Plain, South Boston, and connected to other companies serving com-
munities to the southwest of Boston as far as Walpole. Lines that formerly ran
into downtown Boston either along the streets or, after 1898, through the
Tremont Street Subway were now serviced by the Elevated, thus cutting down the

time of travel.

Construction on the Castle Street/Pleasant Street connector began in the
fall of 1900 just as the work on the Pleasant Street portal and the new viaduct
was mostly done. Construction photographs show the rapid progress of steel
erection during December 1900 and January 1901, To accommodate the longer
multiple unit, three car trains inside the Tremont Street Subway, the outer two
tracks were converted to third-rail use; and, inside each Subway station, high

wooden platforms were erected to allow direct access to the trains. Since the
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Subway had been designed with short trolley cars in mind, some of the radii were
too tight, and certain walls and platforms had to be modified to allow clearance
for the new trains. Most of the conversion work was done in the Subway in the

week prior to the opening of the new elevated 1ine in order to minimize obstruc-

tion to trolley cars using the Subway (HP-12, HP-13, and HP-18).

Steel erection on the Washington Street section began on August 19, 1899,
and, by December 20, 1899, the structure had been erected as far as Sterling
Street -- a remarkably fast performance by today's construction standards. {(In
1980, a modern flat plate girder replaced the existing trussed girder to allow
for the passage of the new Melnea Cass Boulevard under the structure (HP-40,

MA-14-27)).

Project planning was done under what we now call a fast-track method. As
soon as planning approvals were obtained, structural .design and detail drawings
were begun, and contracts were signed with steel companies for the required ton-
nage of steel. First column foundations were poured., Erection of the structure
began as soon as possible. The main Tine structure was already up while archi-
tectural drawings for the stations were being completed. A completion date of
December 1900 had originally been scheduled but was delayed a few months. The
construction progress photographs show a last minute push in the winter of 1901
to finish the stations and other facilities. Concurrently with this work, the
BERy was erecting the Atlantic Avenue loop (Section D), which joined the North
and South Terminal Railroad stations and created a downtown transit circuit

through the Tremont Street Subway (Section B) (HP-15, HP-27).
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Dover Street Station was built in 1900 as a center platform type of struc-

ture. Like Northampton Street Station, it was designed to be used by four-car
trains, After the opening, traffic on the elevated line was so heavy that the
BERy decided to lengthen the station platforms to accommodate six-car trains

originally and eight-car trains later (HP-30, HP-31, HD-50 through HD-54),

Schematic plans were drawn from 1906 on for extending platform lengths and
increasing the station's capabilities of handling more passengers. The final
plan of July 1909, in which the center platform and station were removed, the
tracks brought close together, and a new station built flanking the tracks, was
carriéd out. The same plan shows that the center platform and waiting room were
eliminated (HD-58). When work was completed, the platform had been lengthened

to accommodate an eight-car train.

While the new pavilion with waiting room and change booths on the inter-
mediate level with the enlarged station meant a more functional plan capable of
moving large numbers of passengers from streetcars to elevated train, the final
architectural configuration of the station that emerged was clearly inferior to

that of the first.

In April 1911, plans were issued for the erection of a temporary Dover
Street Station built of wood that would temporarily replace the regular one

while the complete renovations were under way {HP-32). [2]
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Northampton Street was built according to plan and opened in 1901 and

remains today as the only station that has undergone little change other than
the lengthening of the platforms to accommodate six-car trains in 1908 (HP-34,

HP-35, HP-36, HP-37, HP-39).

Dudley Station

Dudley Station was conceived as the southern terminal of the Main Line.
Storage and repair yards were built at Bartlett Street, and a three-track spur
extended from Dudley station atong Washington Street to join them. The terminal
itself was a complex tri-level combination of elevated train platforms and sur-
face and intermediate-ievel platforms for transfer to street cars. This ter-
minal serviced all the streetcars coming to Dudley Station from Jamaica Plain,
Roxbury, West Roxbury, and parts of Dorchester. Southbound trains from Sullivan
Square would arrive at Dudley, go around the loop, and pull into the northbound
platform to unload and load passengers. These passengers came from streetcars
that rode up the inclines feeding the east and west loops which acted as
passenger platforms (HP-??). On the surface level, there were other surface
lines bearing passengers. All these surface lines could take passengers as far

out as Dedham, Westwood and Walpole(HP-41 through HP-50), [3]

The communities to the southwest of Boston were now more populous, and the
original spine of Washington Street to Roxbury (now called the "Orange Line")
extended beyond the Boston city limits. By 1900, the BERY decided to build a
separate tunnel under Washington Street to connect the two ends of the Main Line
with a direct link. Also the Tremont Street Subway could be returned to its

former use as as streetcar subway. The Acts of 1903, Chap. 534 authorized the
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Boston Transit Commission to build the tunnel and lease it back to the BERy,

which would in turn furnish the tracks and operating equipment.

In retrospect, this decision seems wise. In its implementation, it repre-
sented another stage in the continuing struggle between the management of the
BERy and the reform elements in Boston who feared the monopolistic potential of
such a huge corporation. While the construction of the tunnel was done by the
Boston Transit Commission, the interiors of the tunnels and the station fur-
nishings were the responsibility of the BERy. The designs for the interiors and
entrances were carried out under the direction of the noted Boston architect
Robert S, Peabody. The tracks and related equipment were designed and installed
by the Engineering Department of the BERy under George Kimball., Similarly the
connection from the South Portal to the main line at Tower D (HP-16, HP-17) were
also the responsibility of the BERy's Engineering Division as was the super-
vision of construction, The design of the tunnel station platforms allowed the
use of eight-car trains along the entire line, and plans were undertaken to

lengthen the platforms at all stations.

During 1903, the BERy decided to extend the elevated structure to forest
Hills. Again approval was sought from the Massachusetts Railroad Commission,
which held the requisite public hearings, and from the Mayor and Board of
Aldermen of the City of Boston, The approval for the structure with locations

of stations was received on January 4, 1904, Soon after that date, engineering

drawings were undertaken.
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NOTES
Chapter 3

For a more complete description of the Berlin Elevated Railway see:

Report of the Rapid Transit Commission to the Massachusetts Legislature,
April 5, 1892, This description was written primarily by Commission Member
Congressman John E, Fitzgerald.

The temporary Dover Street Station opened in July 29, 1912 and renovation
work on the old station began., The new station opened December 7, 1912.

On December 28, 1908 the platforms had been extended encugh to allow
efght-car train service,
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Chapter 4

Forest Hills Extension

The extension of the elevated to Forest Hills was structurally less
complex. With the exception of the Arborway crossing, plate girders, framed in
both directions, were used in the structure. There are no extant contemporary
records that explain this decision. Presumably economics dictated the use of a
cheaper but less attractive system. Remnants of transmittal letters (in the
MBTA files} indicate that the structure was approved by the Mass, Railroad
Commission and by the City of Boston, and construction began on May 2, 1906 with

the erection of the first bents at Guild Street (HD-37). [1]

The same system that had been used earlier on Washington Street -- bents
delivered to the site during the day and set in place by the traveller at night
-- was employed. Numerous construction photographs and drawings illustrate how
the work progressed and reveal the methods of steel erection and track laying

at that time (HP-78 through HP-90).

Again, progress in steel erection was rapid. By late August of 1906, the
traveller had reached the Egleston Square station area and, by January of 1907,
the structure was approaching forest Hills, At this point, the chronology be-
comes unclear. The BERy annual report of December 31, 1906 notes that the com-
pany had not yet received approval for plans for new stations at Egleston and '

Forest Hilis nor the changes at Oudley. Presumably, the management was preoc-
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cupied with the extra work on the Washington Street Tunnel and the numerous

other projects then starting in Cambridge and East Cambridge.

Robert S. Peabody's daybooks for 1907 indicate that the BERy's committee of
architectural advisors met repeatedly during that year reviewing designs, not
only for Forest Hills Station and the Arborway crossing, but also for the
Causeway across the Charles River to East Cambridge. [2] By early 1908, the
designs for all stations had been approved, and work resumed on the elevated

structure crossing the Arborway and on the Forest Hills Station itself.

Peabody, the chief architect to the BERy, appears to have decided to have a
line of single massive piers supporting the main line structure. At this point,
where the structure crossed the Arborway, the piers would be encased in concrete
and made to look tike rough hewn stone. Peabody and his committee of architec-
tural advisors chose the same solution for the BERy crossing over the Charles

River Dam (the Lechmere extension), which was designed at the same time.

The crossing of the Arborway (HP-103) was a particularly sensitive design
problem, since the architects wished their structure to harmonize with both the
landscape design of Frederick Law OImsted and the nearby Forest Hills Railroad
viaduct, a massive granite bridge designed by Shepley, Rutan and Coolidge from
preliminary plans by the landscape architects and constructed approximately ten
years before, Peabody chose concrete treated to simulate masonry as a suitable
compromise (HP-116). This BERy station was also intended by the Mass. Railway
Commission to connect with the then 1mportént Forest Hills commuter railway sta-

tion and the West Roxbury branch line of the New Haven Railroad.
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The new design for Dudley Station took an already sophisticated multi-level

scheme and enhanced it. A new southbound platform for trains going to Forest
Hills was constructed over Washington Street along the West Loop of the ter-
minal. The mainline continued out toward Guild Street and along Washington
Street to Egleston Square., Two new pedestrian bridges connected a new South-
bound platform with the existing terminal, The northbound platform built in

1900 was lengthened to receive the longer eight-car trains (HP-74).

At the same time, numerous changes were made on the surface level, The
most interesting additions consisted of the two pavilion-type waiting rooms that
were placed inside the old loops (HP-70). The trolley loops were also enclosed.
Work on the new platform began in the summer of 1908, November 22, 1909 was the
opening date for extended service from Forest Hills to Sullivan Square. Yet we
know that heavy steel work was still in progress under the southbound platform
after that date. Progress photos show that, whiie the new platform and bridges
were almost complete, work on the framing of the new loop enclosures was just
beginning in 0ctober'of 1909, Work on Dudley Terminal was essentially completed
by the summer of 1910, but final roofing was still being done in September of

that year (HP-61 through HP-68).

Dudley Terminal has always been a busy area, and minor changes have
constantly been made in the interior to improve passenger flow and expedite
movement of transit vehicles. In 1948 the east pavilion was completely rebuilt
to allow use of the trackliess trolleys that were replacing the old electric
streetcars in the Roxbury/Dorchester area. The center pavilion was removed and

a new roof with factory skylights installed. Gradually the service at the West
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loop was phased out. In the early 1970's, that loop was completely demolished.
01d photographs are the only record of the appearance of Dudley Station in its
prime. By the 1960's, the MTA had substituted bus service for the trackless
trolleys. The surface area under the station (Ziegler Street) formerly used by

trolley lines became a major bus connector (MA-14-28 through MA-14-43),

Egleston Station was planned to relieve Dudley Terminal and serve as a

collection point for passengers coming in by streetcar from points in Jamaica
Plain and Dorchester., 1In its construction, concrete passenger platforms were
used for the first time on the line. Originally a stairway descended right into
the middle of Washington Street at the intersection of Columbus Avenue, In 1916
a trolley barn built with a low cost factory type of construction was added as

a station for surface loading of passengers. A bridge and escalator connected
the new structure with the existing structure (HP-93 through HP-97). The

architect for the station is unknown,.

Forest Hills Station was an extension of the Arborway crossing of the main

1ine. Designed by the architect Edmund S. Wheelwright, a member of the advisory
committee, under the direction of R.S. Peabody, it was framed of heavy steel
encased in concrete. The BERy built an extension of the regular steel bent
construction system, beyond the station, to allow trains to reverse direction
over a diamond shaped crossover. This work also included construction of a
spur-track incline out over the present Arborway yards for storing trains., On
November 5, 1921, the Forest Hills station structure was extended southward. A

storage yard was built, and the Arborway inclined yard was removed., By 1923, a
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new car repair shop had been built which replaced the smaller shops and storage

yards at the Guild Street yard (HP-104 through HP-117). [3]

Green Street Station

When the BERy submitted its first proposals for the Forest Hills extension
to the Mass, Railroad Commission, the pians included a site for a passenger sta-
tion at Green Street, but that particular location was not utilized at first.

It was only after the extension had been opened that the BERy decided to build
Green Street Station in 1910. The simplest construction method was used: a
suspension system of hanging the lobby from the bottom of the tracks and
building a steel-frame concrete platform with canopy on top of the structure,
The station was completed and opened in 1912 and served as a local station for

comnuters from the neighboring sections of Jamaica Plain (HP-98, HP-99),

Egleston Square Sub-Station

The extension of the Main Line to Forest Hills required the construction of
a sub-station at Egleston Square for the conversion of alternating current
generated at the South Boston Plant to direct current for use in this portion of
the rapid transit system. The station was designed by Robert S. Peabody and
consisted of a steel framed building to house the sub-station equipment. The

exterior was of stucco trimmed in brick (MA-14-56).
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NOTES
Chapter 4

Copies of Letters of Transmittal between the BERy and various governmental
agencies are on file in the MBTA Plan File Room.

Robert S, Peabody, Daybooks, 1907-1909, Courtesy of Professor Wheaton A,
Holden, Northeastern University, Boston. The committee consisted of
Boston architects Charles A. Coolidge, Charles D. Maginnis, Clarence H.
Blackhall, Ralph Adams Cram, and Edmund M. Wheelwright under Peabody's
direction,

For additional information on the Forest Hills Station see the
September/October 1984 issue of Rollsign (BSRA).
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Chapter 5

Architectural Description of the Stations

The orginal way stations of the Boston Elevated Railway were conceived as
parts of a single theme, designed by a single architect, and constructed over a
short period of time. They reflected a much more unpified concept than the
stations that stand today. Indeed, the winning design submitted by Alexander
Wadsworth Longfellow, Jr. (1854-1934) was often illustrated in trade journals by

a single, "typical station" (HP-B). [1]

.The style of each station was "early French Renaissance," combining classi-
cal and Gothic features in true Beaux Arts fashion. The result, everyone
agreed, was appealling for the “lightness, symmetry and beauty" of the stations
themselves and of their relationship to the graceful, web-like structure that

weaved over the streets of Boston.

The “typical station" of 1901 dotted the original line between the Sullivan
Square and Dudley Street terminal stations. Subsequent alterations have
obscured the original Longfellow design. Of the "Roxbury Division's" first sta-
tions -- Dover, Northampton and Dudley Street stations -- only Northampton Street
" has retained its original character. It reveals perhaps the most enduring merit
of the original design: stations of competent but unremarkable design, which
were adapted in every sense to their site: the elevated structure. The quali-
ties that are aesthetically noteworthy in the elevated structure -- the sense of

motion, light and air; the expressive, curvilinear grace of the truss-work;
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subtle adaptations to the site; rhythmic, elegant arches and carefully crafted

details -- are also found in the stations.

DOVER STREET AND NORTHAMPTON STREET STATIONS

Dover Street and Northampton Street Stations were originally "island"
stations, perched between two tracks on top of the elevated platform, enclosed
in rectangular huts with Renaissance details, Northampton Street Station was
approximately 12 1/2 x 40 feet long, and Dover Street station was slightly
longer. Each had a covered platform 160 feet long, and was sheathed in copper
panels and capped by an overhanging copper-paneled ridge roof brindled with
standing ribs. Standard features were three dormer windows and a central Beaux
Arts cupola flanked by two finials, one over each gable. On the east and west
elevations, a band of sash windows {configured slightly differently at Dover and
Northampton Street Stations) was surmounted by a diamond-paned clerestory and
separated by copper paneled pilasters decorated with a diamond motif. The
diamond motif was repeated on the copper panels just beneath the windows and

pilasters (HD-52 thrbugh HD-63).

The stations were reached by means of iron stairways of approximately 38
steps, covered by a running copper canopy that was ribbed like the station roof.
Each landing was covered by a copper pavilion roof supported on four posts and
decorated with a copper finial. A wrought iron balustrade enclosing the stair-

way on either side was decorated with scrolls and copper panels.

At the first'landing, the passenger entered an arched double door with

diamond-paned lights and semi-circular transom. The second flight of stairs led
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directly to the waiting room lobby, where the passenger purchased his ticket at
the ticket office. He waited for the train inside the waiting room {similar to
HP-38) or outside the station on a canopied platform. {When he disembarked on

the opposite side of the platform, he descended a connecting exit stairway which

led directly to the street.)

The station interiors were sheathed in oak, with hard pine for the floors
in both the station rooms and platforms., The furnishings, also designed by
Longfellow, included a ticket office, turnstiles, wooden benches, porters' clo-
sets and rest raoms, The ticket offices, octagonal or semi-octagonal booths
that stood in front of the entrance stairs, were distinguished by their classi-
cal detailing, elaborate iron work and varied materials. To either side of the
ticket window were arched, sash or spring-balanced windows. Decorating the
ticket window were a keystone and scrolled, wrought-iron gritle. A thick marble
slab served as the ticket ledge. The Tower portion of the office was sheathed
in wood and copper, and stood on a base of wood and Tennessee marble. At Dover
Station the ticket office was originally crowned by an oak balustrade with
knobbed posts above a paneled architrave. In the early days of operation of the
trains, passengers first bought a ticket and surrendered it at a turnstile

(HD-61, HD-62, HD-63),

In the center of the room were a pair of back-to-back wooden benches.
Beside these were the restrooms and porters' closets. Oak sheathed the interior
walls and separated the sash windows, The ceiling, a]so'sheathed in oak, was
patterned in the center panels with the diamond motif. Incandescent and arc

lights i1luminated the interior (HP-38).
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The platforms were notable for the quality of their engineering details.

(MA-14-22),

DUDLEY STATION

Dudley Station, the southern terminal until 1909, was designed to harmonize
with the way stations, punctuate the elevated railway with a strong design, and
meet the requirements of jts function as a turn-around, transfer station and
junction of several surface lines., Its complex vehicular circulation was _
explained in a Boston Elevated Railway Company publication:

The rapid-transit track passed through the center of

the station, with a loading and unloading platform on

each side. Surface cars reached the same level as that

of the rapid-transit platforms by easy inclines, a loop

track being provided on either side of the station so

that transfers between surface cars and rapid-transit

trains could be readily made. Through cars ran through

the lower level of the station and the upper level was

reached by an adequate number of stairways. [2]

The elevated platforms to either side of the station were covered by copper
canopies which flanked the station below the clerestory and extended north on
the east and west sides. The central, rapid-transit entrance on the north end
was arched and flanked by stairways which led to the surface level. Two cupolas
surmounted the station's ridge roof; and a finial stood on each gable (HD-64

through HD-69),
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To either side of this entrance were enclosed waiting rooms, each 18 feet

sduare and surrounded by paired, sash windows with diamond-paned upper sashes
(HD-70 through HD-73). The exterior elevation was framed by a row of copper panels
and pilasters embellished with the diamond-triangle motif. Set in the north-
easterly and northwesterly corners of the station, these waiting rooms were entered
via the elevated loading platforms under the station's main roof. The exteriors
featured a ribbed mansard roof and an entrance decorated with classical ornament, a

tympanum with a paneled roundel, a scrolled arch, and a finial. The interior was

paved with terrazzo.

The central loading platform was spacious, elegant and richly furnished.
In addition to the two enclosed waiting rooms, it housed a magazine and tobacco
stand (HP-49), storage rooms, a ticket office, public toilets, built-in wooden
seats and, to either side of the platforms, wrought iron stairways leading to

the central waiting room, just below track level.

An oak ceiling was carried on a series of open steel trusses gracefully
arched and supported below the clerestory on copper brackets. The arch theme
was continued in the station walls, which were open to the unloading platforms
outside the station via an arcade consisting of uncovered steel columns and
copper-paneled arches springing from copper brackets. The arches were
embellished with keystones and copper-paneled roundels in the spandrels. Above
these were rectangular paneled spandrels with a triangle/semi-circle motif, and

a clerestory of diamond-paned sash windows (HP-50, MA-14-36),
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In the center of the room, to either side of the platforms, iron stairways
provided access to the central waiting room on a level below the track. This
was an octagonal room, approximately 160 feet in diameter. Richly articulated,

it featured an oak dado with stone mouldings, buff brick walls, a maple floor

and a coffered oak ceiling.

In 1909 Dudley Street Station was altered to provide for separation of
loading and unloading traffic, and for the accommodation of eight-car trains,
The east and west loops were rebuilt, each containing a polygonal waiting room
pavilion (HP-69). These had circular clerestories of paired, diamond-paneled
windéws, a copper pavilion roof with standing ribs and a finial on top. The
interiors were lined with built-in wooden seats. A polygonal wooden bench,
shaped like the exterior of the pavilion, stood in the center. The walls were
sheathed in ocak, and were decorated with paneled arches and keystones. New
loading and unloading platforms were built, accessible by new covered bridges

with stairway connections (HP-68 through HP-74, HD-73, HD-74),

A reinforced concrete bus loop was built in 1948 to accommodate the

trackless trolley (MA-14-32, MA-14-33),

EGLESTON STATION

Egleston Station, built in 1909, was the first station in which the plat-
forms, galleries and stair landings were designed for reinforced concrete
(HP-93}. A 350-foot platform was built to accommodate eight-car trains. At
this time the other elevated station platforms were also enlarged for the same

purpose (HD-80), The waiting room station on the first level was suspended from
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the track support system and was reached by cantilevered stairways. The design
was a simplified, unembellished version of the original Longfellow station; a
rectangular structure, 44' x 22' with a half copper ribbed roof, windows,
pilasters and copper panels (HD-81, HP-94, HP-95)., More decorative emphasis was
given to the platform, which was positioned above the station on the second
level., It featured a ribbed copper canopy supported on iron columns and a
gallery with arched, sash windows and keystones, which the passenger entered via
a waiting room stairway (HP-96, HD-81), The waiting room contained an alcove on
the west side, wooden benches, and an octagonal ticket office which was sheathed
in copper, finished in white ash, and detailed similarly to the original ticket

offices, The floors of the waiting room, platform and gallery were of rein-

forced concrete (HD-82, HD-83),

In 1916, an enclosed footbridge with a patterned ceiling was constructed to

connect the original station to a surface car station (HD-84, HD-85),

GREEN STREET STATION

References to the original construction of Green Street are scarce,
However, there have been few major changes made to the exterior since it was
built in 1912. Its design marks a clear departure from the Longfellow stations.
The east and west elevations were devoted almost totally to large, plate glass
windows. Above these were copper spandrels decorated with an unusual circle-
lappet motif. The window-spandrel composition was unified by a copper string-
course and paneled pilasters decorated with the circle-lappet motif. Above the
stringcourse was a clerestory of smaller plate glass windows separated by

recessed pilasters (HD-89). Most of the station's interior was sheathed in bead
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ash, including the ticket office, which featured an ash grille in the ticket
window and a center fence with an ash handrail (HD-87, HD-88), 1In 1976, the

interior was completely rebuilt after it was badly damaged by a fire.

FOREST HILLS STATION

More is known about Forest Hills Station, including the name of its
designer, Edmund March Wheelwright, an important local architect who also
designed Park Street Station. Rot only was this station widely publicized at
the time of its construction, but it has been virtually unaltered since its
erection in 1909. Built as a terminus, it markedly differed in design and
construction from earlier stations. Wheelwright intended it to harmonize with
the Arborway, part of the Boston park system designed by Frederick Law Olmsted,
Wheelwright was also clearly influenced by the stations of the Vienna Stadtbahn
designed by Otto Wagner in the 1890's, particularly the Gumpendorfer Strasse,

Josephstadter Strasse, and Alser Strasse stations on the Gurtellinie. {3]

A massive structure of elegant proportions, it was constructed of rein-
forced concrete and embellished with copper details. Trains approached the
station on a reinforced concrete viaduct which carried a double-track line
(HP-110, HP-112)., High concrete balustrades minimized noise. Supporting the
viaduct was a single row of massive steel posts encased in concrete and sup-
ported on foundations 11'6" square and 12' deep. The main framing was of deck
construction with steel plate cross and longitudinal girders. Al1 timber work,

including ties, guard rails and feeder box, was of hard pine.
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The exterior of the station consisted of two concrete pavilions joined by a

long, double platform which was supported on a massive arcade of reinforced
(HP-113, HP-114) concrete piers. Spanning the arches were two tiers of large,
double-hung glass and wood windows, the upper tier adjusted in shape to the cur-
vature of the arch. The north pavilion was supported on two concrete posts and
a massive central pier. Trains entered an arched portal, which was framed by
copper pilasters and keystone, Recessed copper pilasters, panels, and crenela-
tions embellished the cornice (HD-93 through HD-96). Inside the pavilion were
waiting rooms, The track was open to the sky; the platforms on either side were
covered by copper canopies supported on posts, braces and diaphragm arches. The
south pavilion was similar to the north pavilion except for its roof, which was
hipped instead of flat. [4] Despite its scale and material, the overall effect
is light and graceful. The station is admirably adapted, not only to its site

but to the elevated system as a whole (HD-37, HD-398, HD-99).




(1]

2]

(3]

(4]
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NOTES
Chapter 5

Engineering News (Suppiement), March 31, 1898; Railrpad Gazette (Vol XXX,

no. 16), April 22, 1898; Street Railway Journal (Vol. XIV, no. 9}, Sept.
18, 1898, 501,

BERy Co., 50 Years of Unified Transportation in Metropolitan Boston - 1938,

Heinz Geertsegger and Max Peintner, Otto Wagner, 1848-1918 (New York:
Rizzoli, 1979), pp. 47-78.

In March 31, 1910 a large illuminated sign reading "Elevated" was installed
over the South Portal.
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. Chapter 6

Orange Line -
Structural Analysis and Description of the Elevated Structure

Section F-1 thru F-7
I. General Description

The Orange Line south elevated structure rises from the South
Portal of the Washington Street Tunnel, and then runs along
Washington Street to its terminus at Forest Hills. The great
majority of the elevated structure consists of one of three
variants of a "regular elevated railway deck type" [1]
structural bay constructed of sections built up of riveted
. assemblages of rolled structural steel. The rolled sub-
components are all standard sections with the exception of
the channels used as coTumn flanges. These were "specially
rolled ... with rounded corners, thus allowing abundance of

wheel room and nothing to catch the hubs," [2]

HD-15 Generally the structural action of these bays is as follows,
Tracks carry the train loads through their supporting ties,

to the longitudinal trusses or girders. These longitudinal

HP-21 members frame into the top girders of transverse bents. The
HD-9 transverse girders frame into two columns, supported by
HD-26 concrete foundations, resting on solid rock, compacted earth

or pile clusters, depending on subsoil conditions. [3]
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HD-19

HD-15
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The longitudinal members occur in pairs, generally under the
two tracks, and the members of the pair are braced together
laterally by a system of transverse and/or diagonal members
in the horizontal plane, They are further stabitized by a
system of "sway frames" consisting of crossed members running
from the top chord of one truss or girder to the bottom chord
of its mate. The longitudinal system is supported by an
expansion pocket at the end of every third span. Between
these points rigid connections were used. Later analysis
revealed this to be one of the few design faults in the
system, The designers considered the longitudinal system to
act as a series of simple spans, but the rigid connections
made them approximate three span continuous beams. (See

Anderson - Nichols & Co. report). [4]

There are three principal variations upon the "standard" bay
described‘above. The first consists of both longitudinal and
transverse girders constructed from plate girders. The
second consists of transverse girder bents and longitudinal
trusses. The third consists of longitudinal trusses sup-
ported by "arched truss-bents ("type F")". These three carry
the bulk of the elevated system., There are many very minor
variations along the right-of-way to accomodate local con-
ditions and more substantial variations at a few special

stations. The design drawing "Typical Elevations and Cross
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Sections" shows the typical support conditions and their

reasons for use which are principally a function of street

width.

Variations in the supporting structure occur to support the
additional functions required at stations and in response to
special structural requirements, Examples of the latter
include the special bent transverse girders composed of
hybrid truss and plate girders specialized additional longi-
tudinal bracing, extra bracing for unusually high bents
longitudinal members with raised bottom chords longitudinal

members of varying depth and other atypical bracing,

For purposes of discussing specifics of the structure, the
right-of-way has been divided into a series of segments
starting in the north and proceeding southward; these are
defined by the section:
1, South Portal to Tower "D" - Section "F-1"
2. Tower "D", past Dover Station, to the Cathedral
- Section “F-2"
3. The Cathedral to Thorndike Street (Bent #1068)
- Section "F-3"
4, Thorndike Street thru Dudley Station to Guild
Street - Section "F-4"

5. Guild Street to the Arborway - Section "F-5"
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6. Arborway to the Forest Hills Station and to the

storage yards. Sections "F-6" and "F-7"

II. Description by Segments

HD-32
MA-14-2

HD-30

HD-31

(1) SECTION F-1

South Portal to Tower D (Bents #1215-#1200)

The initial segment of the elevated system, after it emerges
from the Washington Street Tunnel, and up to the point where
it crosses the current location of the Massachusetts
Turnpike (formerly the B&A R.R.) does not run colineariy with
a street on grade., It does, however, cross some minor
streets, Since no street runs beneath the rail line, the
designers chose to support the system with fully braced fra-
mes, presumably for reasons of structural efficiency. The
bracing consists of "X's" running from the support girder at
one column to the base of its paired column, Since the
transverse girders are relieved of their moment resisting
function, they are relatively shallow. In addition, the
spans are short in this segment and the longitudinal members

are framed with girders,

(2) SECTION F-2

Tower D past the Cathedral (Bents #1215-#1143)




HD-~6
MA-14-3
MA-14-4

MA-14-5

HD-18
MA-14-7
MA-14-12
HP-28
HP-32

MA-14-10

HD-24

MA-14-12
HP-33

Boston Elevated Railway Company
HAER No. MA-14
Page 54
After crossing the turnpike the structure joins Washington
Street. This is the location of the original "Wye" con-
necting the Roxbury Division with the Atlantic Avenue loop

(Section D). Elements of the original framing remain along

with the original switch tower and its supports.

Supplementary cross girders span between the columns of bents
1198 and 1199, forming secondary "transverse" bents, presu-

mably to support the old "Wye". Remaining track support gir-
ders and trusses run perpendicular to the later alignment at

this point,

Approaching Dover Street solid girder bents were employed.

At the station the longitudinal trusses diverge although the

tracks now run in a straight line. This appears to be a
vestige of the station before its rebuilding in 1912, Upset
girders were employed for track support at the station pro-

viding headroom for the ticketing lobby below the station,

These are interesting in that no secondary framing was used,
but instead oversized ties span between the bottom flanges of
the girders to carry the rail loads. Platforms are carried
by additional longitudinal girders. At the station, the
standard girder bents are fitted with cantilevered

outriggers, supporting the platform structure.
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Proceeding south from the station, Washington Street starts

out quite nmarrow, and the bents span from sidewalk to

sidewalk. Shortly, the street widens a bit, and short spans

replace the larger ones with columns coming down into the

street, Some solid web and some trussed girders are used.

As Washington Street veers to the West, a substantial offset
occurs between the road alignment and the rail alignment
giving rise to very asymmetrical loading conditions. These
are marked by a series of special transverse bents some with
cantilevers and some with a hybrid truss - plate girder form

of construction,

(3) SECTION F-3

The Cathedral to Thorndike Street (Bents #1143-#1068)

As Washington Street passes the Cathedral it starts to widen,
The rail line supports become variants of the type "F" arch-
truss bent. The road and track alignments still giffer,
inducing asymmetry in the supporting structure. Columns are
frequently centered under one track, and a shaliow trussed
girder js used in place of the full arch design. Cantilevers
are employed as necessary to resolve the alignment

differences,

Beyond the Cathedral, Washington Street becomes wider and

regular, The standard elegant type "F" arch«truss bent sup-
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ports the system here. Since columns are directly under the
track loads, the bents could be designed as light, efficient
forms although subsequent analysis has revealed deficiencies
in the lateral force resistance of the design. (See
Anderson-Nichols & Co. report). [4] Washington Street is
quite level in this area, so that bents have a fairly
constant height, Longitudinal members are trussed adding
to the light "airy" appearance of this portion of the line.
Engineering News observed, "The structure ... leaves the
street much more open and unobstructed than does the usual
elevated railway, and the cross struts being arched present a

handsome appearance as well." [5]

At Northampton Station, columns move to the ends of the
bents, apparently to allow more horizontal clear space below
the tracks for surface vehicles. An additional pair of
longitudinal trusses supports the platform areas between the
tracks. In place of an arch, the transverse bents have a
constant depth with trusses used under the platform areas and

solid web girders under the station house.

(4) SECTION F-4

Thorndike Street to Guild Street {Bent #1068 - Guild Street)

Beyond the station, Washington Street continues regularly

till it starts to aproach Dudley Street and the type "F"
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MA-14-26 bents continue through #1068, After this, the tracks converge

MA-14-42

MA-14-28
HP-41

HD-29

HD-25

MA-14-44

MA-14-45

and the street narrows and winds to the west. Girder type
transverse bents with a three-hole style knee brace span
the street to carry the longitudinal support members which

continue as trusses.

Dudley Station was the original terminus of the system. The
line terminated in a loop of fairly tight radius, necessi-
tating considerable additional Tlateral bracing and support.
Around the tight curve, non-prismatic transverse girders were
employed to ¢reate the necessary banking. Even so, this

eurve was the scene of a4 major derailiment in 1910, shown in
photographs HP-59 and HP-60, 1In addition, platform and station
supports, as well as support for the elevated surface line

loops complicate the appearance of the structure here.

In the areas of the station where "a minimum elevation of the
tracks was desired, with the standard head-room below for
street cars and where it was necessary to prevent drippings,
a special through girder and solid ficor construction was

empioyed." [6]

Supporting structure for three tracks wye off from the loop
and continue south along Washington Street, forming part of
the former Guild Street Yard. The end of the yard segment

marks the end of the old style trussed longitudinal girders,
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and the end of the knee braces with three holes. Two of the
three yard tracks form the connecting link to the line exten-

sion south of Dudley Station.

(5) SECTION F-5

Guild Street to the Arborway

Proceeding southward from Dudley Station, Washington Street
becomes narrower and passes through a much hillier area. The
portion of the rail line which follows this section presents
a more utilitarian aspect than did the original portion north
of Dudley Station. In addition to solid web plate girder
transverse bents, longitudinal members are now structured as
solid web members. Knee braces have been redesigned with a
single hole, giving the whole structure a heavier appearance.
In certain areas, Washington Street dips markedly, and extra
high bents were designed to maintain the rail grade.. These
Bents, #920 through #932 and #962 through #969, have an
additional line of secondary bracing comprising a laced
member spanning between the columns., "X" bracing runs bet-

ween the transverse girder and the horizontal brace,

Conversely, when Washington Street passes over a hill, very
short bents are used, such as number 947. Where cross
streets occur at an area of short bents, longitudinal girders

have been redesigned with lower chords which arch upward to
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gain clearance. The arch is usually composed of curved
segments at the span ends, while the center of the span is
sti11 ysusally straight. Occasionally the bottom chord is

formed as a single long curve.

Track and street do not always align in this section, but the

‘misalignment is not so great as in the northern portion.

Individual girders are adjusted to accomodate the varying
load position, usually by varying the size and location of
flange cover plates and web stiffeners, but occasionally by

means of cantilevered outriggers.

Standard track support framing is employed at Egleston
Station, with the exception of one span where upset girders,
with floor beams and stringers, were used to gain headroom
over the passenger access ways.

This section of Washington Street from Egleston Station to
Green Street Station becomes very regular, and the track sup-
port structure is also very regular. Typical bays occur
throughout the section, modified 6n1y by the occasional arch-

chord longitudinal girders as déscribed above.

Green Street station was added to the system in 1912 after
the main design was complete. As a result, the principal

track support structure is unchanged through the station,
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MA-14-66 The ticketing area is hung as a gallery under the main longi-

MA-14-68 tudinal structure.

(6) Green Street to Forest Hil11 Terminal

HD-41 Proceeding South from Green Street, the typical framing con-
HD-48 tinues until the Arborway is approached. This is the final
terminal on the system and its design varies greatly from the
rest of the 1ine. The support structure is steel encased in
HP-104 concrete, with single pylon-1ike columns carrying both longi-
HP-106 tudinal supports by means of a "Tee" shaped double can-

tilevered head, Each pylon actually contains a cluster of

HD-44 four steel columns, laced transversely. The longitudinal
HP-109

HD-45 support is encased in concrete with a long arched soffit
HD-46

HD-47 spanning the center line between the columns.

HP-114 Within the station, two-span transverse bents support longi-
tudinal girders., The exterior columns of these bents are
encased in the concrete outer structure of the station. The
longitudinal structure comprises doth conventional deck-type
girders and upset through-type girders. The major design

MA-14-78 features of the station are more architecturally noteworthy

rather than structurally exceptional.

South of the Forest Hills terminal, regular plate girder

MA-14-82 transverse bents carry the tracks along Washington Street a
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short distance, and begin a gentle grade to the existing

storage yards at the end of the system.
IIT. Subsequent Analysis

Between 1972 and 1973, the consulting firm of Anderson-
Nichols and Company, Inc, prepared an analysis of the state
of the Orange Line at that time. Their report [4] gives a
detailed description of the corrosion and disrepair the ele-
vated structure had fallen into, after 30 or more years
without repainting. While that discussion is not directly
relevant to this description, their analysis contains some
interesting information. The original structure was very
conservatively designed, with a maximum design stress of 16
kips per square inch, and most areas they investigated deve-
loped stresses around 10 to 12 kips per square inch. This
overdesign was responsible for the continued serviceability
of the structure, even though corrosion amounting to as much

as 30% loss of original metal had occurred.

Design inadequacies highlighted by sophisticated computerized
analyses were very few and were mentioned above. Their

conclusions were that, corrosion notwithstanding, "the struc-
ture was found to presently be in an operable condition." A
program of repairs and painting was proposed and carried out

which extended the useful life of the system into the 1980s.



[1]

2]

(3]

4]

[5]

[6]
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APPENDIX A

Chronological History of Orange Line up to 1918
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APPENDIX 8

Copy of Contemporary Description
of Electrical Systems by
Frank J. Sprague, 1901
as Published in
THE ELECTRICAL REVIEW

Dec, 13, 1901 through Dec. 27, 1901
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T, o158, Decswarn 13, 1001 ] THE ELECTRICAL REVIEW, 969
- BOSTON ELEGATED RAsigwar I
SPRAGUE MULTIFLE UNIT SYSTEM. : \‘Q\\ - v
As APPLIED ON an EikvaTep Ramway. r’_.k""':w- ":"‘-J\:x z
By FRANK J. BPRAGUE. Coee {‘:‘"’:\H}& s

T maltiple unit system, reduced to commercial practice in A Ty ™., Sve . Sogag
{hicsgo only four years ago by the writer, ie now recognised :
wthe preferable method of opersting electric railwsys oo all ;
aogested serFice where there sre frequent trains of varisble
qogth, snd the aeed ia felt of quick and economic hand. : .
g of anits at bigh scheduvle speeds, It lLies received the
-_jcr‘hesl’, practical endorsement, the adoption already of over
#0400 1.P, of equipment, and it is reasonably ssfe to aay
:nat for the class of service for which it ia designed, ne
aber method of train operation can spprosch it for effec.
'iFENesE, '

The system is really a method of train operstion snd -
wotrol, by means of Which cars are equipped with motors -
«od motor-cantrollers, individusl to these cars, so that they

£ R

F16. 2.—~Traee-Can
TrAtR sSCENDIRG 5 PER
CENT. (JRADIENT ¥ROW

Scpway

Po. 3. —Two-Cas
Thary a1 Crev

Xrane StaTioON.

a train of any length, aml operated from as muny [oints os

deeired through a controlling line common to ell cars.  The
F
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ELECTBICAL REVTEW VOl 9 Nt 2 Diepyern 13, 1901,

nnmber of cars, their sermence, and their end-to-end
relacion, are wmtters of indifference, aad the character
and copacity of the cruipment are dependent upon the
schedule specifiel, varving from every ear, where the hiches,
schedale is required, dowu to twe cars in a train,

ft is erident 1hat snch a =yatem lends itself to every con.
ilieien of cougested passenger service.  The similarity of
mnipment ensuzes Rexibility of train operation, and proviles
A motive power proportioned to the roquirements,  T.oco-
motive operations are abolished, trains can be reversed at
ang crots-ofcr, and trathc eoncentrated on any section of a
road. - The safe intereal betweeu trains is (ependent upon
the maximum speed and the power of control, and licare
Lol the time and the (listance intervals between trains can
bhe redneed.

Witli high-power equnipments any required schiedule ap
to the masimim becomes possible, and the number of cars
in service can be made a minimam.  Where a crowded
syslem has main trncks with bLranches, units for the differcnt
brauches can be combined on the main line, and split up at
innetions. v i e,

Fia. 4.=8em.ote Forol¥e Cas,

The operation of the system is simple, Every anit being
self-contained, and every aggregation of snch being simply
an extension in the feogth of the enit without changing its
zencral cliaractor, operstion becomes babit, Like hand aod
like train movements exigt whatever the comhination of
unita.~ Protected by antomutic devices, s mao of ordinary
intelligence can handle trsins with less troohle, so far
as the electrical apparatus is concerned, and with less i natruc-
tiou than is reyuircd for the mic hrake.  The highest safety
being essential, the system of operation obrionsly provides it.
[n eaze of failure of hrakes, the mschines thronghont the
Fntire train can be safely reversed. The cnrrent input to
the machines i automaticolly limited on cech one to its eafe
capatity. ln case of aceident to sn nperator, the entire
power is instantly removerd from the train, and if the mastet
awitch on the leading car is inoperative the train can he
operated from cither ond of any elher.  Tu foga sad o
slippery ruilx, % lixed schelule ean le maintained mme
effectively becanse of the lower masimom speed, ami 1le
less distance traselled in hraking.

The muitiple wnit system has now bocome o necessity, for
withont it some of tbe modern railwsy work would be impos-

———

sible. In the listory of transportation 0o more difficqle
problem has lieen nndertaken than the inangznration of the
clecated service nn tlie lines of he Iaston Flevated Railwas.
The transpertation probiem in Boston ia most camplex, Tiw

Fuyg. 5. —MasTrna'oxTROLLER, ENGINFFICS VALVE, A%D AIR
Qo

atreets are narrow and crooked, and the inner terminas for
moat of the travelling public is a restricted ares and
extremely cromded. The congestion of the car service was
considerably remored by the construction of the - 3ubwas,”
built by the Rapid Traneit Commistioners of Bosion scd
leased to the atreet railway cornpany. This aforded temporary
relief, bog it was early fonnd 1o be inzdequace for Boston”
growing needs,

The necesity for improved service being seen, plans wem
made and work actively prosecuted —one result being the
elevated syatem ahown in the accompanying @ap
(tig. 1)—all of which, except the portions marked An
croasing the Charles River, and cp, to South Roston, @
bailt and in operation, with about 17 miles of track. Withom
personal inapection of the rozd, the boldness of the conception

Fla. 7..-Pot HoTor deTocmbo Fria 3EuN 1N TRALLFL

can lardly be appreciated. On a trifle over i mﬂﬂﬂ'_
trnck, Lhe western roote alone, there isan aggreeate of 43
of enrvatore, and the Tongest seretch of stenight u-fck i rr-
thao 28 mile, If the track were luid oat with this aust:

1 erap

LA NG LN Do
———————

of curvatnre from a comm
Ig circles.  Many nf the
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permile ; the descendipg
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mooad in the subway, an
arectare at each el of tlie
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21 make the track conneetions
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M pecesaary to discontinge t
te mbwny,  With 4 riew
“tlence to tle poblic as
‘riag a week.end. Op 8y
*oclock, the last sueface car -
1 Mouday morning, June 1o
Tmee w28 begun.  Over 3.
satie in making the chang
“etrack, signals, platforms g
“sed o operation, the largest
'rearmange the operation of
e for the changed condition.
400 serface car are run or 1
"t Daoring the change.
Ay wchedules and i
#iod.  This would nog
“sible doring the middle of ¢
* dreet craffic wogld not g
-t iember of cars to be on
¢ starting of the eclevae
lred the chavging of
:-‘flee cara and the inanzorat
er points, || also enllec
“mon of a nem irangfer
‘unng the instruction of no

0 conductors of the st face |
2 850,000 dail

saengera,
T Gt wers ’di?‘:twdg fre
amed routes of travel,
Mg day it is eetimated
"!led A1 carried 1001104
mmstemd 8t the Sallira -
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_‘-af the trninnen ol evrr
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! bad any eIperience ¢
HDipment way cnlirely
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{ o
. \ . 1 epreature from & common centre, it would complete nearly The goard rails are of 100 lbs, section, and are rigidly
he Iusmrg Ufktll‘aﬂt‘]r:‘;‘ﬁ:“i n:gnmgifﬂf'ﬂcf}l: i circles.  Many of the corves are as low a3 $0 ft. redius.  fastened. Tucy are placed somestat higher than the track
Lieen ua c'ltr_ta (:’:r e Boston Eloated Railras The g_gmndmg grades uTe a& high se & per cent., or 764 ft. rail, so that the poasibility of derailment is practicully
ice an the lllnes o BesLon 8 mOst complex Tim <y mile : the descending grades as much as 422 ft. per  eliminated, The strength and rigidity of the structore is
riation probilem 1 - ~e, o & per cent. (fig. £). esceptional (fig, ), and (e cicellence of the derails of
Of the presene Tailway tracks, about 2+27 miles are onder-  tmek alignment and special work ia notable, The move:

ment of trains i3 governed completely
by interlocking stations and by sutomatic
block eignals of the electro-pnenmatic
type.  One of the track rails is insulated
from the other, 20 that a truck cirenit
aignal system can be used. The cars
are all provided with auomatic rips,
eo that if a wain is tom past a stop
signal, the air on the train is immediately
thrown into ‘““emergency.”

The rnestion of control and equipment
of the trains 7na one which called for
the inost exacting consideration, [t was
early appreciated thiat more than the usual
mative power should be used.  Egnip-
nivDt ol more than one car in the taju
and the " multiple unit" system were
consillererl impeeatite, In  order to
determine thie safest and best aystemn
for their nse, it was decided to invita the
Flo, G—Mus ChNTROLLER. OFFs Fin [SPECTION installation of three different equipnienis
. TRl T e M AEERETH oh test trains to be ron over the most
: difficult portion of the road—the subsay,
The tests and iavestigationa made were
cnod i the snbway, and the 1emainder on  elernied the most completc and elaborate ever undertaken in com-
~setnre at each eud of the road, petition for an electric railway eqoipment, The conimct
for the controlling evatem was finally awarded the Sprazue

Orexixe oF Roan. Electtic Company, and this wag followed by two additional
‘qrface cars had been ron on the sbwaytracka nowoocnpied  contrscts, aggregating 150 motor cars, of which 100 are
-:ihe elevated lines sinee tlie subway was opened, Inorder  already installed.
make the track connections to the elevated strucinre, and For the conetruction of the cars and the installation of all
ntontroct the auhway platforms for elevated traine, it opparatns on them most careful aud exacting specificstions
J necesary to discontinGe the snrface cars on thetrecksin  were made. The cars are substantial and very solidly built
: mbway. With a view {o cavsing as little incon-  the seats are longitndinsl, and centre doors are used. The
. terminas for tence to the public aa poesible, this change was made  platformsare longer than customars. The famitiar  Sprague
- narrow and crooked, and the inner term 4 siog & week-end, On Satarday evening, June Bth, at  folding cab (fig. 4)ia nsed for the motorman and operating
the travcliing public is a restricted area ::n- ‘tlock, the laat sarface car wssrun over these tracks, and  apparatus. It permitsthe gates oo each side of the platform
crowiled.  The congestion of U & T iabearn Mondsy morning, Jone 10th, at 5.30 o'clock, the elevated  to be of the sime size, and gives free access across the plat.
uly remved by e constriction of the B;" al 9 -wice was hegmu.  Over 1,200 meu were busied during  form. The cars seat 48 passengers: #0 more ¢an comfort-
tbe Tapid Transic Commissioners Ofed oy au" -time in making the change. In addition to perfecting  sbly stand up. Both motor and trailer trucks are solidly
e st rees railway company. ‘hisafford tema b uack, signals, platforms and equipment neceassry to be  huilt and of heary ¢onstrnction. The motor axles are +! in,
Lit was caris found to be inadequate for B 'l in operation, bhe largest task i this limited time was  diameter at centre with 7} in. wheel-fits, The wheel base

AL et TR ER, EXGINEY RS TALVE, AXD AIR
garoy.

needs, od ice being scen, plans were +umange the operation of the sarface lines, and to pro-  of the motortruck is © ft,, and the wheels 32 in. in diameter.
cesal for i SArvLCH 1 i . HH
$5oik activrs proscared —ooe resalt being be | ¢ % <benged conditions of e
sestem shown in the accompanyiog map “m  Turing the change-over tem-
—ail of shich, except the portions matked AL uT tchedoles and  lines were in
dic U'lotles Birer, and 1 b, 1o Sonth Boston, ¥ atios, This would not have been
| i operation, with about 1+ miles of fmh':k' “;t'hw " | bk doring the middle of the xeck, as
inspretion of Lhe road, the boldness of Lhe conception wret traffic wonld Bot permit the

"<t ntanher of care to be on the atreets,
e starting of the elevated service
“ited the changing of Ol lines of
“#e cars and the inenguration of i
e points. gt called for the
ieon of & vew trmsfer sfetem,
ufing the instroction of no less than
vzndnctﬁre of the surface lines, OF
» 3 30,000 daily passey folly 45
ont,  were dicuw&gu?rom their
+ | Womed rontes of travel, On their
P 1ing dey it i estimated tlat 68
“iled cars carried 00,100 People. aud
=¥ ransferred at the Sullivan Squnre
" Ans.

Thea this service was undertaken not -

| the trainmen bad ever made a F1o. R —~Bux Rrernsen, Opry pon fuspretion

“e trip over the road, and few . . _
. e dr D Freos Maps doxTEOILOR eer hail any cxperience with train service,  The The wheel base of the trailer trock is o it np.l the wleels
' bt Mgt et AN DEE * Hjoipment was entirely new, and inst, bot not lenat, 49 in in dismeter, The wheels arc steel-tired, il e
) . 1 e f1y milest Tajority of the |utrona had never ridden on an eleratd  pears solid and pressed on the atlea Automatic conplers of
lly be appreciueul, {in o trifle over of 338 v estrn hency construction Are used.  Facli car is epipye!
the western ronte alone, there i3 8n aggregate ok i lex - ¢ ettrmardinary conditions sarreanding the aperntion of  with two 1730.10.1. motors, with side bar suspeasion. Thes
auire, and the longest eretch of straight :Fu - ~ tnins renderer cvery possible safegusrd imperative, ao  are rights and iofts, 40 tlnt the comunitatars are on the sune

1 mite. M the track sere liid oot with - 4717 improvemcent condncive to safety has beeo adopted,  side to permit of reedy inspection.
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The aic-brake svstern is thab of the Christensen Engineer- REVERSER.
ing Company. The mntor-driven compressor hss a capacity The reverser {fig. 3) is of ibe same " ironelad “ .y
of 20 cubic ft. per minute to a pressure of 50 lba.  The the controller. The contsct plates, fingers, and fioger ]h:
encincer‘s vilves bave excesa pressure adjustment (fig. 5). deflectors, bearings, and blow-out coils are ioterchapseay,.
The zovernocs are of lhe erqualising 1ype, and control all with those of the contraller. [n addition to the mer
n_f Lhe campressors in a train. The cam are healed and reversing contacts, the reverser has a mutHed double - ’
lightel viectricalis. ) . break  isolated by vulcabeston partitions from by
The wnltiple-nait control equipment is of the Sprazue type. matar and the limit contacts.  The reverser eoils are wog:

The warking apparatua is located (a 6 compartment nders b 2 |iberal margin ahove service requirements, and o
pattion of theseat at one side of the car.  This compartment  uffective botween 500 and bug volte, The |duszes ace Le-
is open 1hrough the bottom of the car.  Complete isolalion  conteal, and wuided by phosphor-bronze rods, The rorene:
of working currents from the inside of cars is thercfore  brousiut to ““open’’ by a powerful eecentric spring congec: '
securad, with all the advantages of ready and efficient - 4nd the link conucction to reverser cyiinder is constracie] .
spection which such location ensures. The protection and  ohut the reverser is'“ dead beat ™ when open. Prosisionis ms
isolation of the car wiring i a matter to which especial  for 1he release of the cylinder from the deicing wechan..
attention bas been givan, [t was renlised 1hat the current  fo the purpose of ready inspection, " o
valiue of any short eircuit wonld be in excess of any reaclied (To ba rontinved)

in any service existing elsewhere, and that =ach short circuit '
might be hazardons, 'The current is collected from four
contact shoes carried on long wonden shoe benms on the

trucks, and the main car wiring is led to each shoe throngh
a detachable shoe fuse. The shoe fuse clears any accidental THE ELECTRIC TRAIN CONTROL §YSTEY

' oronud * either on the car orby a contact shoe, From the ON THE GREAT NORTHERN AND QITY

junction of the contact shoe lesds the main wiring extends RAILWAY.
to a protected compartment in the bood at one end of the -
car, where the taps are made for lights, beat, air and control  ELzcraic traction is now beiog applied on all the oow nilwani..
apparatus, to the main swicch, then back to an enclosed Londor, and 3eems destined at no distant date to sepensede::.

. P « . ataam locomotive on all City and soborban lines. Ose of Lhe ¢
main fuse of the « Noark'* type, located under the car: linea 16 adopt electzicity a3 & motive power from the onlset i 1:

then to the control apparatus and motors. . Oreat Norlucro and City Railway, which witl rou from Fig.so

Atlof the truck, car and motor wiring is of special high-
grade 3.000-volt insulation, It is removed from all wibm-
tion as far as possihle, and enclosed for mechanicsl protection.
The controller muipment for each car is made up of fire
component PaTts :—u o kd circnit-breaking reverser for deter-
mining direction of movenent:; a main controller for
determining speed by variation of resistance and gronping of
motors : tWo master switched cobnected to awitch lines for
determining the movement of the main controller and
reverser ; a secondary controlling train line termirating in
couplers at each end of the car : and areversihle jamper for
coonecting up the train lines on the several cars. I
addition there is a set of relays and the throttle. These
several parts areshown in the sccompanying figures.

MaiN COoXTROLLER,

The main controller (fig. &) is of an 'iromelad"”
trpe, All cables are led to bolted lerminsls insnlated on
clate, and connections are made outaide the controller, The
main contact segments on the cylinder are provided with
removahle 1}-in. copper tips, and each carries only the cor-
rent of one motor, The contact fingers are screw adjnsted,
and are provided with springs of substantial design, rein-
forced by a shant of leaf copper, The finger bases xre cast
solid with the terminal steds, The arc deflectors are of recon-
atructed granite, which combines in a moat efficient way high
insalation and heat conduction. The control limit contacts
and secinents are isoiated from the maio contacis by s
vnlcabeston partition,  All exposed metal anrfaces, other
than contact surfaces, in the interior of the controller, are
covered by insniwtion, aod are finished hard and amooth.
The blow-nat coil is of simple and anbstactisl construetion,
of liberal dimensious, apd protected from working
contacts.  Meaos are provided for adequate ventilation
of contacts and coil. The insulations on the shaft am
double-keyed, toprevent possihle locsening, and are set noder
pressure,

The pilat-motar (fig. 7). which drires this main controller

spindle, is rigidly bolted to the controller base, snd i
reenovable as a whole, or the fields can be remaved separntely,
1t drivea the controller hy a atepped movement throngh s Pio. | —MASTES (OXTSOLLEN,'OFLE, AXD COTEA
powerful spring and leckingz pawl. These are of the most
effivient desizn, to enanre * quick make "’ of contacte, and to : T i
secure positive nowching. The mears rug o an oil chamber,  Park & Moorgste Street, « distases of some 3 miled,
The armature sapport and shaft arc forged from one piecs of l“.;m‘:t;"::: Beary passeoger trafic botween ibe {17!
steel.  The pilot-motor armatnre is 50 lade a3 10 BECHT®  opoeng on this Ting, it is necessary to Bave a repid sod I
rigidity of construction as well as protection of the Windings  sarvice of treink, aad as bhe saticas are comparntitaly nes ¥
Tle commntator is of copper, insluted with mics, and the it is cmentisl t0 etplay & high rate of sccelerslion. =~ .,
broabes are of carbon, with automatic feed. All coil ter- “‘o‘m"m“m‘m‘;i“:&ﬂ':r :;':‘:E";:',m“a‘ w0 sl
minals are of beary copper, secorely fustened, with mesns viadand wpece required for the shanting of ¢ locometive
for bolting the connecting wires, crowded tecmini may be avoided, :

]

1

g

Tl 4 New B2 Doy 1t e

iter & loorough invest igation .t |y
.raems, the Great Noithern & Cily iasle
sreqnip 1heiF teains with 1he masler ep
~Lanson- Honaton Company. Limited
13 et T[98 ADGCE Teuireaenf.. - :

Toe trates ®ill eack reivh atmyr 30 .
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BOTment of thy master controlles br
connect 1008 &3d Mator combigativoy
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ks now being erected copsiat of
. scenmulator Toom,  The bollers ar
,aud are fitted with chain gtats stokeny
iters will also be added. Two Eellig
ker Aynawes are being put down @ eash
og 135 0.2.7. with a ateam pressare of
16 ia made for the addition of u 1g
ery of sccumulators is heing sopplied
aring a capacity of 330 ampere-hogn
ires. The syatem edopted is the thres.
L o pressure of 240 volta st the lnmpc.
by Mesars, Kelvin & James White, of
of the eables will be laid by Mesry,
lem, aod it is hoped thal tha supply
arg. Tohe whole of the work is being
Electric Sopply Company, tnder the
cugineer, Mr. W. BE. Miloa. Mewn,
tors.

ime ago the Tramways Committes
athe B [ Committes for  reduction of
d to them fof tramway purposes. Mr
r, drew up & report showing Fhe cha

st week it was decided that the Com-
price of 2d, per unit mow charged, The
sittee had lost considerably last yearop
st for electricity for the trams being
ye charge only 2 33d.

rocevdins of the Distriet Conpeil
illivao's operss, or of the sidry of
Beieliy, the . 1. Committee elected o

chairman, koowing that Mr Shaw wea
¢ lateer then presided at & meeting of
t agsigst the Couucil's slectric light
mmittes d s resolotion of waut of
goed, nn\i afterwards tried i get the
iected, Lut without success.

men, elecirical engineer to the
had besu called in to raport on the pre-
ut of Llighting the docks, roported that
ling mainteosnce, was 1377d. per unit.
« generstion of electricity at the docki
ration st 1d. per unit, provided il wa
300,000 nnita per annum.  With main-
resed the opinion thet 14d. per ouit
aald be done for, and probably it woold
3 offer the Harbour Trust the usoesmry
L & mipimum qragtiiy of 300,000 onits

ting of the T.C. last week the town
£1be ssoction of the Local Goveromen
411,000 for electric lightiog parposes.
“clerk of works, for the erection of 1he
, it wes decided to aglvct theee or mor
the Committee, and sfter the interview
, #a4 appointed at & salary of £3 3s per
Le constzoction of the iramways wit
e to confer with the electrical sngineen
report.
tebury,—Tbe U.D.C. bas appoioted

g engineer to the Couucil.
arpotution has deferred consideration
eme for six owoths.

The T.C. bss decided to apply to the
loan for esablishiog electric lightisg

eetric light receipta for the September
4. AMer mecting the cost of prodaction

" st and sivkiog fund, Fhiere was & sarplee

srter.  There afe uow 567 coslomars with
I of electricity sold was JOD,967 gnite

3 TRACTION NOTES

b delivered by the Italian Premier,
Tast, b stated that as soou s the Chamber

withopt haviog recocris to privalts mo-
-Naples ¢lectne railway projact bafore ie
project slipalates for the accomplishmert
« two ¢ilies 1 2% hoary, .

triaf of the bigh-speed electric rilwr
e wa: made sod 8 spesd of 00 Eilomeire
wned, The train was compossd of i¥0
1

dvent of the 1.U.T. trams in thié
of waltjog up the local shopkeapery ootbe

om sro pulting in uew fronls and otber .

3r popular paAlODAge.
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SPRAGUE MULTIPLE UNIT SYSTEM.
A= ATPLIED 04 THE Bostox EnevaTED Ranway,
Br FRANX J. SPRAQUE.

(Continurd from page 972.)

MisTER SwitcH,

The master gwitch-(fiz, 10) i3 of the cylinder type. Right
and left morvement of & gingle detachable lindle, normally

Fis. 10.

litched in A central position, predaces ahesd and reverse
motimit, wud any desired varistion of speed. Motement
is apposed by A epring, which returns the handle to the
~atsal or " off 7 position when relessed, and antomatically
cuts off the main current.  The cover is lined with mics,
well laeqnered, and is easily removahle, The vnlcabeston
wparators are binged to facilitate inspection. The ewitch is
of such form aud dimensions #s pot to restrict in sy way
the clear pansageway across the ear platform.

Traix Lixg CoUPLER 4XD JUMPER.

The train line iz & compoond cabie, ench wire heavily
insnlated und tested at 4,000 volws, aud theiwhole sheached
vith a waterproof hraid. Tle conplers (tig. 11} areiron
shells enclosing & hlock of ivsulating material, which supports
the split-spring terminals of the train wirea. They are con-
nceted to thetrain line at juoction boxes. The termioals arce

Fuwo. 11

wparnted by an insojulipg partition, sod ore well insulyled,
The conplers are sbronded. and are self-closing wihen not in
tie. The jumper, whose enda are constrocted in a similar
tgnner 1o the couplers, and have complementary female
footacts, is reversible, and can be conpled in one plane only,
Bouli the jumper and the conpler sre connected to the cables

_pefmanently ac tbe back, the intervening spaces being filled

with insuleting compound. Each conductor in insoluted
ngh rubber, and protected with.-braid of rarions colonm w
heilitate connections,

RELAYS, AvTOMATIC STOP, AND . TUROTTLE,
Tle relays, antomatic stop, snd throttle (fg. 12) are

. monnted vertically upon a slate sopport, thoronghly insu-

lated, and the contacts are well meparated and rigidly
secured. The coils are beld firmly in place, nd the plungers
are positively guided.  Placinam or sitver tips are nsed for
the throttle i order o require minimum sutention and to
ensure perfect contact. The bridging discs have nniversal
adjustment and spring cushion, The protective fises for
the control circuita are carried by clips on the relay slate.
which also carries for convenience the cut-out switchas and

part of the adjustiog resistances, -

RESISTANCER,

The grid resiatances (Ag. 13) for the main motors are nf
n special cast material, and are of a loop form to ensure
flexihility. They are snpporced in longitudinal vertic.l
planes on reconstracted granite insulacors carried by angle
irons for attachmaent to the car.  Their construction permiis of
easy iostallation and repair, and secores reliabie insulation
as well as efficient radiation,

They are of anflcient section to withstand the shocks of
service, and are of ample carrying capacity for the mest
extreme demsnds.  All wite connections are made hy means.
of belted terminals.

o 1)

Weinnts or FgrivtyesTs

These arc o i llows 1 —

e,

Two mavar controllers [
One set rlaye, tums, switchre, de o
Qo4 oaig controllar and pilot mator 20
Oui rerarmr 60
Two junction boxes [:3
Two couplers, with stiached cables 25
Qo4 jampee . . 10
Oue mt of grid revistanoes 880
Qse sat of suaster switch and trsin cables L4
Total 1M

]
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OUrEBITION,
Tn the DRoston equipment the motor switch ia a scparate
piece of apparatus, operated when the theostat swich i3 in
an open circuit position, but for coucerience of illustration

!

resistance.  [n addition, the motors can be ran teroporarity
with more or less of the resistances in circuit for the purpess
of switching. On beavy milread work, such as on elesared
and suborban roads, minor variution of runming speed in
either the series or multiple relation of the
notors by the use of resistances i3 rarels
practised, and (8 never necessary, sare in
startiny, The apparatus is espacially
arranged to discourage any such variation
of ronning speed.

i ae

e

- ! R

The circait which operates the pilot motar
on ench car is a purely focal circuit, coming

b
i

v aviimge

1!1}[ Y |' track, just as the main cirenie of the morar
NJAH-‘ doea. It iz nob connected to the train line

from the ¢car shoes and returningZ to the

or the master switches in any way. Its pach
is throngh the field magoets, brake and
armatare of the pilol motor, through the

contacts of the coast, series, ot multiple
relays, and also throagh the contacts of che
throttie and actomatic stop. I either the
;in throitle or the antomatic is in an open

e

Fa. 14

and description it may be showpon the same criinderas the
rheostat. The typical circuity are arranged as shoren in
fig. 14, i which the various parta of a {ull eynipment are
indicated, s# well ag the inter-connection of circuits.

In ordinary operation tle main motors are first thrawn
into series with s resistance, which is cut ont until balf the
jiressare is cupplied to each metor, which is the haif-apeed
eombination. [n going thence to full apeed, the main cir-
cuits are first opened instantly at the roain controller or

verser, or, if desired, progressively throagh resistances and

dependent moain contacts. The motors are then thrown
into parallel, with a resistance in circuit
of about one-quarter that used in the
first series position, which is progressively
cut out until the motora have Inll preseare,
and run at their full capacity aud speed.
‘The yuartering of the resistances onthe
tirst. position ia effected by using independent
resistances for each mozor, throwing them
in zeries and parallel relation the same as
wbe roolors and using the same progresaive
»Leps,

In any position of the coneroller the
current can be cut off instamily Ly the
reverser, which lias also independent main-
line contacts on the sasme spindle.  Prarision
:a mnitde for iead-Leat movement, and also for
inter-conurction  of controlling circaits by
vantacts on the 2ame crlindet st the roain
vontacts, The circuit for the 1eveiser pasges
through the automatic stop coil, apd is
vompleted through a br-pass on the con-
iroller in the first contacs positien, or throagh
4 contict made by the aytomatic, 5o that once
cpened it cannot be operated again unles the
wanttoller iain a tafe position forthe motors,

The cslinder of the mmin controller is
drisen with an intermittent motion Ly a
julot moter through a powerful locked
spring, %0 that the armatare of the pilot
wotor snd the spiadle of the crlinder do
not. move sither in avnchronism, or to an
exactly like extent. This is uecessary 10
cosure freedom from hot contacts wnd drag-
ning of arce.

‘The pilot motor is zoverned by five relays,
called, respectirely, the '*coast,” ** seties,”
and  ~ roultiple " relara, the * automatic

p ' and the * throtele,™
lbere are thvee ordinary ranning
sitions for & pair of railnay motors;

the comst or opem circuit aition, the

series position, wlen the two motors ure in series without
ang resistance in circais, and the parallel position, when the
t%o motors are independently across the line withogt any

circoit position, it is impossible for the pilo

mowr t0 rooce in one dirsction, and hence

impossible for the controller o be advauced,
althoagh ifin the ndvanced position it can be reversed. ‘Tlhe
sircaits throogh the relay contactd and the pilot motor
also pass through limit switches on the controller crlinder.
[f this control cylinder is in the ** off ™ position, and the
tirottle apd automatic stop ate iu the proper position, closing
the coasting relay will not cause any movement whai-
ever, bnt closing tle series relsy will allow the. pilot, if
atherwise uninterrupted, to move the controller to the series
position, where it will autoroatically stop. In the same way
cloging the maliple relsy will move the controller either
from the coast or series potition zo full parallet, where it

»
-
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[
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will bo antomaticaliy wopped. Openiog the throttls, boe-
efer, will either arrest or retard the rowstion of the piht
motot and the progression of the controlier, anddn_wﬂi

'thu antomatic by opening the reverser ¢ircni

the cantroller te open citenit or any saln
position, rezardless of the motnrman,

The throttle is operated ausnmuticdiz by
one of the motors, and serves x dauble parpr
or stops the forward meremoent of the man
desired cnrrent increment, and since it re
mined value of the current, it can become an aut
for providing a definite rate of aceelerirn,
prevent any desired slower rate of acvelerath
way remove from the motorman the posicicep
main controller at will within the limits of safe
current input.

The coast series and paraliel relays are cuer
form-swilch circuits, <liich terminate in the n
To this switch are brought slso the terminai
solenoids operating the reverser,  Except 2 t
ialimited by the sutomatic features. or hinden
stances which he cannot, amil is not intendud w
operation cither of the particular car or the trui
at the masier switeh,

vinr

(To ba continved)

THE CERTRAL EXCHANGE OF THE
POAT OFFICE TELEPHONE

(Continved from puge 137.)
WE may now proceed to deseribe the connecti

system of working.

At the anobscribers' stalion there is o miiv
receiver and indoction coil, a transmiszer, al
condenser. The contiections of these are shown
ing diagram. Tt will beseen that wheanthe recens
book, the receiver and trapsmitier are cut oi
and the subscriber's ciccgit is open to direct var
lines are, bowever, bridged by the iagneto-be

Back Viaw or Locat Bosab, LNDER § OxtH

with the condenser ; consequentls the cirguit s
witernating currents, aud thas the subreriber e
from he exchange. . o
Folloxing the lines to the eschange, we
coustant potential differcnce of 20 voits 13 mattits
them by means of a atorage butiery,  When .
takes his receiver from the hook, Lis speakiey

__—____.__—-”
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In addition, the motore can he rop temporarity .

the amtomatic by opening the reverser cirenit will retarn  closed by the switch-book, allowing'a corrent w0 flow
.r less of Lhe resictances in cirenit for the porpose

the controller to open eircui or any other determined through the transmitter and the primary of the imluetion

¢, On beavy Tailread work, such a8 on elevateg ition, rezardless of the motorman, coil; the smell shupt cerrent through the receiver, the
an rosds, minor varintion of ronning speed in The throttle is operated automaticaily by the corremt in  secondars coil, and the magneto bell is regligible.
eitber the series or multiple relation of the one of The motors, and serves a double purpose.  Iu retards Attheerchange, thiscurrent passestoove of the linesthronyh
motors by the use of resistances is rarels or stops the forward movement of the main controller at 86y the line relar, of GOw resistance; this awitches on the line
practited, and iz never necessary, seve ip desired corrent increment, and since it responds to adeter-  indicator calling fuinp acroas a pressnre’sf 24 volis, causing

mined value of the corrent, it can become nn autorsatic awitch
for providiog a definite rate of acceleration. It doea pot
prevent nny desired slower rate of acceleration, or in any
way remore from vhe motorman the positive operation of the
wain contreller at will within the limits of eafe and desirable : s
current input, ctuk st

SLTLIme. The wapparatus is especislly
wrranged o discournge any such rarjagioy
of ronaing apeed,

The cireure which aperates the pilot moto,
on each ear is a purely leeal eircuit, eomige
fromy the ear shoes and returninz to 111;

B !
i

i
i

§ ot Lt Rl b

track, nst as the main cireuit of the mogor The coast series and parallel relays are energised by plat- v —J:_::’ “
does. It is not connected to the train line form-switch circuita, which terminate in the master awitch, | = Eﬁ 1 |
or themaster awitches in any way.  Ita patl, To this awitch are bronght slse the terminel wires of the l - i |
is through the ficid magnets, brake and solenoids operating the reverser. Except as the motorman tan } i
armatire of che pilot motor, through the .. islmited by the anlomatic festores, or hindered by circum: = —
contacts of the coast, series, or multiply .= sances which he cannot, and is not intended to controi, all '—/_’L | ‘ ‘
celars, and alsa throuzh che contacts of ¢he '~ aperation cither of the particulsr car or the train is initiated (- | 1
throttle and antomatic stop. If either the  at the master swicch, e 811 ! l I
throtle or the automatic is in €0 open A (To be continued) - 4 H
circuit position, it is impossible for the il © | |"'“'"‘ i
motor 10 move in one direction, and hence S AP i
impossihlec;or the controller to be advauced, N . ¥ ]

_n the advanced position it can be reversed, The ~= ! I

wgh the relay coneacts and the pilot moter ™ THE CENTRAL EXCHANGE OF THE LONDON ! |

rrsgh limit switches an cbic controller cplinder. - POST OFFICE TELEPHOMNES. :

trol erlinder is in the ~of " position, and the ~ M E—

smtomatic siop are in the proper position, closing | (Continusd from page 937.) ,L b

i .:I'elay il Ut cudse any mocement what Howe ray now proceed to describe the connectiona and the b

lesinyg the series relay will allow the pilot, if atem of worki

intermpted, to move the controller to the seris 7 frelem of working.

AL the anbecribers' station there is s magneto-bell, a
receiver and indaction coil, & trapemilter, and a 2-mfd.
condenser, The connections of these are shown in the adjoin-

-re it will automaticalls stop. In the same way »-
muliiple relay will move the controller either *
oor serics position to full parallel, where it *

~- ing disgram, It will beseen that when the receiver is on the - :
) ook, the receiver and transmitter are cut ont of circuit, s ; Sa—
2% , and the subscriber's cirenit ia open to direct corrents, The * .
lines are, however, bridged by the tmagneto-beil in seriea i N ;
] : i L
L Cuman w ‘t
B _ 5 |
. . ! MY i !
ks I f T | o :
? d
- l _;l|]...,..|f|[_.&—||‘,-—-<;
E -
Dragasn oF Coxxecrions BETWEES SUBSCRIBERS STaTioN

a¥p Excaivce.

it to light op, 86 ua to attract the attention of the wperator,
A lnp of BL w resistance is inserted o series il 1k ol her
line ; ita funetions will be dealt wich later,

The indicator lamp is direetly wnder the jack ailotted
to the subscriber who ia calling. lemce, the vywrator
lina uo meed to recoghite 2 number we in the older
1acthods, angd to ind the corresponding jack sume inchies or
feat away, in fact, she doed not pequine even o £ (e
uunber of thie calling aubscriber.

Loscrung wi wnswering phig into the jack indicated « where-
apon the calling lsmp 2oe out), and pressing forwanl &
switch on the kevboard, the operator is atvace <t
cation with the subseriber, sacertiing the nwmber wanud,
aud proceeds (o make the desited conucction,

For this purpose she tubes np the calling plne corre-
sponding with the snawerimg plusr just uwsed, sod taps the
brass bush of the wunted sbseriber's juck, with e
tip of the plug. If she hewes a click in ber recaver, she
kuows that the sobscriber's line i3 engaved, and infurins the

Back Vigw or Locat Bosun, oxois Coxymaccrion. calling subscriber of the fact, [f wilence reign, however,
. she pushes home thie plug, and pulls over the switch pwe-
«ith the condenser . conmequently the circuit is complete for  viously nsed to speak to tbe caller.  Tle first operation

S . ' slternating currents, and thos the sobecriber can be rung up  canses » lamp to  glow, aud e sewosd mngs the

Excilanet —Vizw oF Merek Rack from vhe cxchange. b:H of the subscriber wanted.  Yhrectly he fts -

: fly wopped.  Opening the throule, bows Fullowing the lines to the exchange, we see that a  receiver his “clearing lamp™ goes uii, acpuaimmy the
1eully sopped. ning the

em:stant potential difference of 20 volts is raiotsined between  operator with the fuct that the aubscribers are comowred,
'ben by menns of o storage battery. When the sobecriber  Nhe then presses s hutton, which rewisters one call wy her
takes his 1eceiver from the hook, Lis spesking circuits are  own meter and ou that of the caller.  Wilun the tao ~ine

cher arrest or retard the rotatioa of she pilot
" the progression of the controller, and dmppisy

b,
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ctremely low flat rete. Take
xosumer, in his testh hoge
psy 1'6d. per ooic by the
although Mr. Wright'd own
nires 1'36d. Ae the produc.
and the total coft (ineladieg
1'22d,, be still paya & certain
I-by charges. If, however, he is
¢ latter, then at 1d. per anit he
ery peany representing #d. coats
ppeps that one London supply
rate and 4d. after for the hours
4. per unit on & fiat Tate for the
urpose) duriog the hours of day-
bt, the ¢d. rate will be halved,
1, initial, and 2d. follow-on, will
«d houra of darkoess, and 24
wing daylight hours, which
r. Wright'e *ideai™  tariff,
meters, one . for the "day™
zht" sopply, with w- gingle
with the latter, the consnmer can
itd dear snpplies compare. Iiis
ay chauge-aver awitch, with o
rated hy hand, may throw oue or
into circuit;, or H the meters of
Vulcan type be in nse, a clock
the shont circgit of that meter
‘gter, the main coils of the two
To the latter case, however, the
‘d the top or greatest mazimnm
.ere],r that of the load registered
| which most have occurred i s

——————

and their Prevention,—At s
.ad Connties Instilots of Eoginsers,
Dethy, s paper by Mt, L. 'W. do Grave
> Some Electric Accidsnts, apd the
was read, ‘The anthor divided e
k- and “fire” Accidents trom firw
lits, and {4 bed contactsa. In calarging
\, the writer stated that it might be
m, sir, or rope pawer, that & plaat,
and maintmned, wes perfectly wle,
He thea desit with the technical
onstruction, and the proper provisicael
asulagion of wires wars suggestad, and
v method of artificial reqpiraticn o
wpe. Mr. Deacon said that be found
workmen sgainit electric socidents i
res upderground, iz o poddlad-elay
to stiew traffic over them withoat
ouserved thet the Paris polics were
methed of restoring  elentrecatad
~plied to tbs Temarks ibas bed
ble wae, in his opimion, the bk

many yean withont baving koown s

‘s suggestion of borying tha wires in
s very good one; bs bed ceed it bim-
admirsbly. Indis-rabbar gloves ba
sen if they contained a pin-bols they
such so, in dact, na if the wetrar bad an
I. Inoosworks te knewnf, whare gloves
pair wis before being ased always b
. There was the additional drewback,
s “ali thembe" [t followad that the
reloped would not axperiance tha aamd
to the moscular agscem  Hu cited the

sbock aad lived for only 10 minvies
..cml reapiration.  Toe corunar'y verdics
shuck A1 & mstter of facet, the de

purs and simple, the attendants bariag
oe, which had becoms contrsctad sad
+ dINCUMIoD 00 the PADAT Was adjowrned
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SPRAGUE MULTIPLE UNIT SYBTEM.

AS APPLIED ON THEE Bosron ELEvaTED Bamwar, |

By FRARE J, 8PRAGUE

{Concludad from poge 1047} .
THE madter ewilch has (1) the off or normpal poeition, L
yhich the handle is spring-retracted in case the operator leta
go of it (2} for ahesd movement, three running poeitions,
woast, series apd muitiple or foll speed, with no contacts
between ; and (3) for the backward movement, two moning
positions, conet and series or belf-apead pogiwon. The car
an be stopped and reversed by s single throw of the handle
of the master switch from oueside of the open position to
the othar, -

Ordinarily, when & motorman wishes to go abead s half
#eed he moves the master ewitch to the serios position. The
mverser is inatantly set for movement ahesd, the seriew reiay
i ¢losed, the pilot motor starts op, the driving apriog is pot
snder tepsion, aad the ocontroller spindle moves forward
intermittently nutil the pilot limits swop it at the half

pouition.  If, doring thisoperation, the throttle should
ift, this advanoe of the controller ¢ylinder will be recarded
or sopped.  If the sutomatic sop should drop, the sdvance
act ouly will be stopped, hut che controller wiil ot once run
ckward to an open circuit or other determined position
vithout regard 1o the set of the series relay, or the wish of
the man st the master switch, ’

Being at the series position, if the motorman wishes 1o go
i full speed, the haodle of the master ewitch is moved to
that position, when similar operations tuke place at the
risys and pilot motor ; or the operstor may move his
witch bandle at once {rom the open circait w multiple,
vithont regard to series, and the main controller, controtled
by the throttle, will sdvance to foll epeed position. Of
wurse, the sdvance of the main controller may be made at
vill, step hy step, by tonch-and-go contact st the master
mitch, aad ita advance can be instantly, If desir-
le, when n coast relay is nsed, its copnection can be
dunged so 88 to, at will, throw ibe throttle out of sction,
uthongh this is not desirable.

Compariscn of the movements of the master awiich and
the mmp controtler illistrates very cloarly the inter-connection
of controlling circuild and their ntilicy, snd how they are
mtended o provide for every smergency whatever. U0 all
pparent intents snd purposes the controllar seems
o an independent intelligence, becanse the relay aystem and
the interconnection are anch that all local emergencies are
povided for, as they mnat be, withoat regard 1o the withes,
otenis, or carelessncm of an opartor.

The dm{lpdon thus far 1 that of the operation of »
ingle car, T'o connect tWo of more cars togesher, and to
jrovide for the initistion of she oporation of the controlkers on
mch other oars as may be fully equipped from ore or more
o the master switches, as well a8 o transmit control
trongh cars ot equipped with motors, whe independent imin
ine 15 provided, which is the extensioz of the platform-
witch cirenit from car to car, through fized train cables on
ach, tarminating in conplers st the ends of the carm, snd
faible and reversible train cables, or jumpers, terminating

the jompers are reversed, or whether, &4 in practice,
e ]wu:;g indifferentty on one side or ober on (heu?.,
Whiie some roads only change sequence of cars in the
wake.op of truins, in many they wre reversed, » in the
teration of open-end relajs, croms-overs, nope and
Tberefore, in additico %o generai pairing of the
$eed and direction circoiu, the iudividual speed ircnite
eowi always be paired alike, while the individual direci
drcaits paust st times be in comnetion. Provisi
& made w that local circuite a be cut off from the wain
lipe and independently tested :

Normally, than, movememt of sy wmmster switch (the
otbers for the time beig (noperstive apd heid &t open
eircait) closes like relayaon each car and starte the sequence
of operations indi for & single onr, bot here also the
satomatic variation of movement demcribed in regard o &
particular controller talres place independently ot each car,
snd different kinds and degrees of movements of the cou-
trallars of diferent cars can take piace mmnltaneonsly if
necesRary. Not ouly that, bot te provide for difference of
wheel diameters, difference of tractive coeficients on different
wheels, and % provide also egainst any irregular condition
on ADy car, mmilar movements may be differently timed,
and different controllers may take different relative positions
when messured by time, each accommodating iteelf to the
limited corrent input determined for itaell,

It therefore becomes pomihle by this combization of posi-
tive aad emi-antomatic contre] 1o comhive cats heving
controllers of different sizes, motors of different capacities,
resistances of different gradations, gears of different ratios,
and wheela of different diameters, and to safely opernte
them ol from one or more controtling pointa, all of which,
of ceurse, would be absolptely impossihle to a hand-method
of coptrol, or anything approaching to it,

. CUBREXT SUPPLY.

Carrent for the Boston Elevatad service is delivered trom
the stations ss follows: —

4 | Maximom i Ceonls | Feelto
Deations ompacty. Tated B
- ]

e ‘_.:-,*Ag_ﬁ_.____‘l_ _
Cantral ... 40,350 8,006,000 00
Bast Camhridge - 7,850 8,000,000 ' 5,000
Charlestown ... vt 4330 0 4,000,000 1,000
Ligcols ... o 21,180 20,000 000 200

Reference to this table will show the pomibility of cnr-
rent flow which wonld follow a short circait on the elevated
lizes. By reason of the grades snd alignment of the system,
and tbe high epeed snd frequent service maintained. the
fiuctastions of load are severe. An the mtations fced both
elevated and sorface linea, the fncloations due o the
elevated service are taken oare of withonmt diffienlty.
Observations o far made indioate thas the enrrent demand
for & section of the elevated hns 1§ miles long, having in
operation nine (raigs, Tatie from 500 ta 6,000 amperes.
€ven with sach demaands for correat the minimem voltage
ok the contact rail ia 500 volts, becanae of the large wction
of feeders and the prosimity of the powar stations. The
feeders used are of 2,000,000 cite, mila section, and are run
in condnit t¢ the mruciore, where bare tin-copper cahles
mounted on glass iomlators are need.  They are coversd hy
a cable box, the top of which formd s convenient walk on
the structare.  The several sectioms of the contact rail are
tied together by enclosed feeders of 2,400 amperss capacit).

Some of the elevated and wurface line mctions we fed
frota two or more separste statiops, This ties the sations
together, and distributes heavy puolla the different
siations.  To further amist in this distribution of ™ palls,”
the generstors we givea s drooping charscteristic. Thas,
when an extzemnely heavy pail cocurs in close proximity to
one station its voltage falls, and the other statiomsamiat in
earrying it In addition, i any sation hy resson of
locally beavy traffic is overioaded, & portion of it load is
shifted to other matioos hy voltage redaction st the gene-
ratore hy the field rimostata.  The feeder aystems is carefuily
laid out so that any section msYy be cot oot withoat inter-
fering with the operstion of the reas of the spiem. In
order 1o prevent the contact shom bridging from a live
#eCLion to one in troahle, & eail of mitable length fed throagh
Permanent rexistance is inserted betwsen the two sectioms.
dpecially designed  protecied ™ rail-bonds are i ase for
feeder tapt to the contact rail.  The track is bondsd to the
siroctare w provide sa efficient return circait.

The Licooin powsr sation is the one mont recently hoilt. [t
i tl. oroaghly modern in every Vartioal engines direct
oonnecked 1o
(s fig, 15}.

ors of 2,700 X, gormal capasity sre used
The aitimate rated capacity of this station will
be 18,300 ¥w,, with ability to osry for one hoar 28,000 KW,
and for brief periods 38,000 xw. Daunng acceieration
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ach aur, which weighe empty 59,000 lbe., and has 634 per
cent, of the weight on the Srivem, takes & mtaximom of 550
amperes, and an accelerstion of 1'8 miles per honr per
second is obtained,  The maximom speed resched betwesn
stations is 46 milea per hoar. The scceleration is nuiform,
and the track is of snch excellent consirnction that it is moet
difficnlt o realise the high speeds that are ohtained.
Az near as has been determined, the energy consamption
car-mile iz 4'5 Ew.-honra ‘The present mileage is
abont 20,000 car-miles per day, The grades encountered
and the high speeds rwo are reflected strikingly in the extrema
“wesr of the hreke-shoes and wheels. The shoes firsc nsed
were completely worn ont sfter 200 miles of service, Special
shoes are now used, and longer service ia secored.  This alno
means exceptional wear on the wheel tired .
One run, that from the Doylston Street (Subway) station,
alsotwell illnstrates the difficalt charscter of the serviee,
From this{station descent s made down an A per cent. grade

ronnd & sharp reverse curve withoud tangent,
ronnd other corves and over a changing grade, ascending
&5 per cent., descending 3 per cent, Mcending 39
cent., descending § per cank, ing & k., U
tinally descending 5 per combhy 5o the Plaasans Streot st
locnted just ommde the subway, ab the foot of e

the clevuted strnciure.

The pamenger trafic is ewpecially complax, becanss of
system of tranafers.  Abonesiation thesn ace isused Lo vo |
thao 37 lines of surface rosds radisting haat the cit
Al the northerly termints counection is made with 16 lines
surface cars running to the wabarba, and hare w masy
24,000 passeogers it an hour, and 126,000 in s day, have
been traniferred. At the wnthern termizns connection is
made with 34 lines of surfaos cars, asd thare in hare also &
beary transfer of peasengets, )

Theso brief siatements will indicats the extremo density
of uafMe over the whole line, and how imperative arv the
sppointments for the safe snd rapid bsndliog of the sarvics.
Not -the least impertagt sre the plaform smangements
necomary to cere for such traffic. At the terminais, and
alw at the basy stations in the subway, fres scoms oa the
mme level is given between elevuted ssd mrface At
other points ticket trandfuy are imued 1o 3nd from the
street. The tratfic has so far exceeded all & iovs thel

i

i€
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both the 'orm gates and centre doore are med g all
stations. On each platform oppoeite the car entrnace is panted
“ Enter here,” to ansure the prompt loading of pamengen,
By printed ootices in the carw And sigus at stations

sre teqoested to leave the cara at the centre door and enter
a; the gates. At each station the traine are rng off by 4
large gong, The gates are then ehnt immediately, and the
station stops are thos redoced. There has been a mom
macked development in the alacrity which the patrons of
the road have attained in entering and leaving traina, and
the positive manner in which the gates are shnt on sigral ha
much to do with this. The smoothness of operation, and
the:]p:dol tha traing, bave served to make the srvice very

p

Plans are being made fot the extension of the elevaisd
stizuciare and for the construction of en additional subway.

* The tuture will doubtless see no less than 50 miles of elevatal

track and 600 cars in operation.

The squipment and operation of this system in ita entirety
is of the mosk sdvanced type, and reflects the highest credit
npon the ofBcers and engineers of Boston El who hare
had for sclotion a problem of nnprecedented dificulty,

]
S

THE TESTING AND MANAGEMENT OF
ELECTRIC MOTORS.

Br P. T WEITY, Wigsa Rlectricity Works

IT bas al ways appeared to the writer & matter of deep regret '

that persous of sa ultra-mathematical, bat othermise well
mesning dispoaiticn, should endeavour to befog the simplest
operations of centrwl station testing with involved algebrie
formolm. * Fignrea can be made to prove anything,” esps-
cislly when one can inuwoduce those God-mnds of the
* mired "  mathemalician—constants—aoften, slas’ of 1
home-hailt and rectifying padure,
OF such, [ am , sre the formanle (—

v —4{w+ w)r
2r

C =

100w
Elc+ s’
and the methods of testing appearing in a recent isse, w
an sbetract from sn Ameriunpoonumponr;, under tbe besd-
ing " Electric Motor Testing withont s Dyssmomea.”
The efficiency of the machine considered is stated as 35087
It is = pity that the rosalt was followed to thres place of
decimaly only, In my opinion it should have becn purwed
to the bitter and-—or & * repeatar.”

Alihough it is now many years since [ left the colula
behind e, sad sven now [ seldom amploy algebrs in my
everyday calealations, [ have little hesitation in sating the
the efici of thak mokor is nearer 83 per cenk

The best methcd of tesling an slectzic wotor is to pit &
artificial load npon it, and determine the mechacical torgm
its armature as expremed in the output of s drirm
machine whose dyoamic eficiency bas been foand by e
common-sense tethod. Inthauﬁcl&cdemd to we::
saked, among other things, to secare the srmature shafh,
conmmgrmha to the circuit throogh a resistance,
cardfully adjusted, that s D.P. of 220 volts wes tooed dow
o} role  Then, with

Per cent. efficiancy =

R

Am——

¥ol. 40. Mo 1,347, Dmomces 17, 1901.) T

Ad already stated the " artificial load ™
the best, nird the one moet generally em
eding tank is emEloyed, the greatest cars
w instance, and the writer spesks from p
wouid such = test be left in the charge
fiolish man. Even when the dsnamo sic
lion i# properly equipped with cnt-outs o
e is necessary, When it is not, disaste
pme s0-called testa witnessed by the write
deemed necesgary to put an smmeter in
meter had, however, been pat across the
ad the operstor was somewhat distressed
minntes from the start his ~volta began o .
ame to the conclusion that this was due t
awd went forth in search of some resip, :
e armature of s valuable machine buene
tw too strongly impeessed upoo the man «l
o testing for the ficst time that an ammee
cata are absolntely necemary, It will puy 1
muipped testing board vven when rery ficr

A method, even better than the ** pond
dation lighting and power circoits. |
wmally made op on a boatd in anch a mac
be transferred from one side to the othe
istean to asmist in maistainiag the balage
te nasumend that all motor-testing aperation
duing the daytime, when the station ¢
mplored for the purpose. Where the si
@ in conrse of erection, it will pay cog
board which will meet these special reqoi
vhere the station is completed, methads ¢
& triting cost, will readily commend thesr
sen,  In small sations where the numb
wwted is vory small. it will pay to make ap
of arce, incandescencs, and the shuws
Whenever it is possmible, iL wonld be
twting of apparsins foraishing the load ¢
Meters, for inmtance, which, in some s
properly tested (too mnch reliance beiog
saker's test scrip), cun be inclnded in the

An important sdjonct of any station wi
power load is a small aiternator of, say, !5
+terminal voltage of 2,900 or 3,000.
whis, it will be enay for an engineer to reje
before expense haa been incurred wpen ¢
dternating between windings aod’ frame
Ight—in more weys thau oue—the wea
eachins. Of ocuree it is evident that set
b submitted 1o chis test at the eame time

This briogs' me to the discomion of a
hting;obors, and owe which [ ahonld wi
we, With the help of & sbort conntersha
wes of pulleys to sait the varying spee
different motors, the sliernstor can alsc
femish & ioed of incandeacent lamps t
nasformer, [ see no resson why the res
mt be the station lighting load, though
Bany engineers will rise in aims against tt
o both systems wonld be the same, or net
™ if they * clashed "—and with prope
would not occnr—nothing more srious
wold resalt. Of course it will be nnde
“t-ooia only, and not circait breakers, ar
1h_'l is, however, the rather remote dar
¥owion primary invading the secoudary
Sxhafoemer breakdown : bot even if thu
iooble would only be momentary. T}
Mtor fnses would instantly go, There i

minds of many station enginecrs wt
ing carrents s limited, and whose

W of sarne i, o decided prejodice agai
®ut, This may be atiriboted to their
o shock, Natarslly, where high pote
Wmplored, the preatest care moa be
fecting into " the circuit. There cann
Woadiys safegnards are adopeed which,
Weent the recurrence of the many faali
progrem of the indostry in ita enrly day

[ ] h].th potantial is geocrally inaccewih
®aingliy negligeat, b in the old dags &
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APPENDIX C

List of Historical Photographs

The following Historical Photographs are taken from the photographic
collections of the following public and private organizations:

Bostonian Society, Boston, Mass, (Boston Society)

Boston Public Library (Boston Pub. Lib.)

Boston Street Railroad Societj - Library (BSRA)

Carpenter Center,_HarvardrUniversity, Cambridge, Mass, (Carp. Center)

Library, Massachusetts Bay Transportration Authority, Boston, Mass. (MBTA)

Society for the Preservation of New England Antiquities (SPNEA)

Certain photographs are borrowed from the collections of private individ-

uals who in most cases prefer to remain anonymous.

The present collection of glassplate negatives at the Carpenter Center at
Harvard University includes most of the conétruction progress photographs taken
during the constructipn of the Forest Hills extension. While the Boston Transit
Commission and the BERy both‘took extensive photographs during construction of
the different segments of thg Boston Transit system, only scattered remnants of
the first section survive, ?ortunately the Carpenter Center has preserved
largely intact the documentation of the Main Line from Dud]éy to Forest Hills
from 1905 to 1912, The MBTA library has a partial collection of photographs

documenting the construction of the Roxbury Division, Many of these photographs
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are reproduced in this study not only to document the elevated structure when it

was at its pristine best, but also to serve as a fascinating history of heavy

steel construction methods for that early time.

(Note: Sometime in late 1986 the Carpenter Center collection of glass plate

negatives was transferred to the library of the SPNEA,)
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-List of Historical Photographs

Description Date
Omnibus and Horse Drawn Streetcar on July 8,
Washington Street,
Horse drawn Streetcars - Tremont Street.
Electric Streetcars on Tremont Street, July 12,

Copy of Photograph - Elevated Structure

1889

1890
1895

with Steam Train of New York Elevated - (0ate of Copy)

Railway - 59th. Street and 9th Avenue. (Oec. 23,

Manhattan Elevated Raflroad - 9th Ave.
@ 84th St, Earliest Elevated train Structure,

New York Elevated - St, Nicholas Ave.,
8th Avenue, March 11,

Union Elevated Railroad - New York
Later Version of Elevated Structure,

Entries for Station Design-Architectural
Competition for the BERy Elevated Mainline
Structure.

Pleasant Street Incline
Looking up from Subway. April 30,

Pleasant Street Station under
Construction, June 5,

Pleasant Street Incline Crossing B&A
Tracks to Castle Street. June 5,

Movable Platform Scollay Square Station
Northbound Track for Temporary Use of
Elevated Trains. Jan. 3,

Movable Platform Haymarket Station
Northbound Track for Temporary Use of
Elevated Trains. Jan. 5,

four Representative Photographs of the
Berlin Elevated Railway - Reproduced
by the BERy. -

1903

1891

1891

1900

1898

1901

1901

1901

1903

1903

Orig. No.

3976

778A
821A

823A
3383

3385

Source
Boston. Society
Boston. Society
Boston. Society
Carp. Center
Carp. Center
Carp. Center

Carp. Center

Boston Pub. Lib.
MBTA

Private
Collection

MBTA
Carp. Center
Carp. Center

Carp. Center
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List of Historical Photographs

Fig. No. Description Date Orig. No. Source

HP1% At lantic Avenue Line Beginning @ Castle
& Washington Streets & Tower ‘D', Sept. 23, 1901 1803 MBTA
HP16 Extension of Washington Street Mainline

to Connect with South Portal of Washington
Street Tunnel. View Looking North under

Tower D @ Castle Street, Nov. 11, 1907 5209 Boston. Society
HP17 Castle Street Wye, Tower ‘D' and

Extension of Mainline toward Washington

Street Tunnel {under construction). Nov, 11, 1907 5208 Carp. Center
HP1B Temporary Platform @ Park Street for

Southbound Elevated Mainline Trains, 1901 - SRA Library
HP19 First Columns on Washington Street Mainline-

Roxbury Division Corner Cobb Street, Aug, 19, 1899 291 Boston. Society

@520 First Three Bents 4191, #192, 4193 Erected
on Washington Street, Corner of Cobb

Street, Aug. 26, 1899 316 Boston. Society
HP21 Southerly View along Washington Street

Showing Air Compressor Machine for

Riveting Hammers. Sept. 22, 1899 325 MBTA
HP22 North along Washington Street @ Cathedral

View from Street. Nov, 1, 1B99 333 MBTA
HP23 North Along Washington Street @ Malden

Street and Cathedral, View from

Rooftop. Nov. 1, 1B99 338 MBTA
HP24 Wagon for Hauling Girders with Horse

Team, Nov. 1, 1B99 339 MBTA
HP25 Closeup of Compressed Air Machine for

Riveting Hammers. Dec. 28, 1899 388 MBTA
HP26 Erection of Bents along Atlantic Avenue

{One of few photographs showing traveller
and erection crew at work during day
time hours), Feb. 1, 1901 1373 MBTA
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HP29

HP30
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HP32

HP33

HP34

HP35

HP36

HP37

HP38
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List of Historical Photographs

Description Date

Erection of Transverse 8eams on Atlantic
Avenue Elevated Structure. Feb. 2,
Dover Street Station Looking North

along Washington Street. April 30,
Elevation of Dover Street Station

Structure Looking West along Dover St.

(now Berkley Street).

Erection of Canopy Framing at

Dover Street Station. -
Mainline Looking South at Dover Street

Station. Tracklaying. Jan, 16,
Washington Street Mainline - Looking South

Just above Laconia Street & South of

Dover Street Station, View of Temporary

Dover Street Station under Construction. June 12,
View under Dover Street Looking South

Showing Reconstruction of Dover Street

Station. Aug. 26,
Structural Steel framing - Northampton

Street Station. Oct. 20,
Northampton Street Station - Progress

Photo Exterior Sheathing. Dec. 21,
Northampton Street Station - View Prior

to Opening. May 23,
Northampton Street Station in Use.

Rooftop View. Aug. 5,
Interior View - Rowes Wharf Station

(Similar to that of Dover and

Northampton Stations.) July 29,
View along Mainline - Looking South at

Northampton Street Station Platform

Extension, Nov. 25,

1901

1901

1900

1901

1912

1912

1900

1900

1901

1901

1901

1908

Orig., No.

1384

776A

864

799

832C

844C

855

811A
854A
1838

9148

Source

MBTA

MBTA

Boston. Society
MBTA
MBTA

Boston. Society

8oston. Society
MBTA
MBTA

MBTA
MBTA
MBTA

Carp. Center
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List of Historical Photographs

"Fig. No. Qescription Date Orig. No. Source

HP40 Erecting of Steel along Washington Street

@ Sterling Street - View from Rooftop. Oec. 20, 1899 394 Boston. Society
HP41 Oudley Street @ Washington Street -

Wye on Mainline Site of Future Tower F.

Track Taying. _ Jan, 9, 1901 - MBTA
HP42 Qudley Street Terminal - Construction

View of Interior-Looking South from East

Loop Platform. ' Oec. 29, 1900 B51 Boston. Society
HP43 Dudley Street Station - West Waiting Room-

Looking North, Interior View. Qec., 29, 1900 B4B Boston, Society
HP44 Oudley Terminal - Interior View Looking

North Prior to Opening. May 3, 1901 784A SPNEA

HP45 Oudley Street Terminal

East Loop. Oct. 29, 1901 880A SPNEA

HP46 Qudiey Street Terminal - View of Inclines

from South, April 24, 1902 914A MBTA
HP47 Oudley Street Terminal - View of East

Loop from Roof. June 5, 1902 925A MBTA
HP4B Qudley Street Terminal - View from Roof

toward West, . June 6, 1902 927A MBTA
HP49 Qudley Street Terminal - West Side of Track

" Yiew of Newstand. May 5, 1902 - BTA

HP50 Dudley Street Terminal - East Side of Track

Interior View Looking South, _ Nov. 5, 1902 . 3337 MBTA
HP51 Interior of Switch Tower F at Dudley

Street, July 17, 1901 3216 MBTA
HP52 Switch Tower G at Bartlett Street -

Exterior View. . Sept. 9, 1901 B6BA MBTA
HP53 View a]ong'Mainline Track from Oudley

Street to Guild Street Yard Looking

South at Bartlett Building. 1908 9918 Carp. Center




Fig. No.

HPb4

HP55

HP56

HP57

HP58

HP59

HPED

HP61

HP62

HP63

HPE4

HPE5

HP66

HP67

List of Historical
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Description

View of Guild Street Yard at Washington
and Guild Streets - Looking South,

Dpen Vestibule Wooden Elevated Car
#0110 @ Tower F,

Interior View of Early Elevated Train
Car #069,

View of Berlin Train and Elevated Station

End Elevation & Cross Section of #3
Elevated Car, '

View of Wreck at Oudley Street to East
of Tower F.

View of Bent Beams over Oudley Street
after Train Wreck.

Oudley Street Station - New Steel Work
for New Southbound Platform.
View looking West.

Dudley Street Station, View Looking
South along Mainline with New Framing
for Southbound Platform,

Dudley Street Station, View from Street
Looking North at New Construction on
Loop. '

Dudley Street Station. Work on East
Loop. View from Street,

Dudley Street Station., Surface Level
Looking Southeast.

Dudley Street Station View from Street-
Looking East at New Work under
Southbound Platform,

Dudley Street Station Platform of
West Loop.
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Photographs
Date “Orig. No.
Dec., 18, 1901 8824
May, 19, 1902 -
Sept. 6, 1902 3314
Sept. 9. 1901 -
Sept, 10, 1909 -
Aug. 4, 1910 801C
Aug. 4, 1910 -
Aug. 24, 1908 9798
Aug. 24, 1908 9818
April 10, 1908 9988
Jan. 1, 1909 8888
Det, 7, 1909 7878
Nov, 29, 1909 7648
Dec. 16, 1909 741C

Source

MBTA
MBTA

MBTA

Carp. Center
MBTA
MBTA

MBTA
Carp. Center
Carp. Center

Carp. Center
Carp. Center

Carp., Center

Carp. Center

Carp. Center
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HP71

HP72
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List of Historical Photographs

Description Date

Dudley Street Station. View Looking
North at Progress on Platforms and
Footbridge, Jan, 20,

Dudley Street Station. Interior View of
Waiting Room Pavilion - East Loop. April 7,

Dudley Street Station. View of East Loop
from Roof, _ April 17,

Dudliey Street Station Work on East
Loop-Looking North, April 27,

Dudley Street Station-East Loop
and Pavilion, May 24,

Dudley Street Station. East Loop,
View Looking North from Platform, May 24,

Dudley Street Station. Birdseye View
of Complex, Looking North, after
Reconstruction, Sept. 20,

Dudley Street Station. View along
Warren Street of East Loop Looking
North,

Dudley Street Station. View along Dudley
Street Looking West at Loop,

Dudley Street Station., View of 12 Bench
Open Car Looking South from Platform
of West Loop Incline.

Guild Street Yard at Washington Street-
Looking South, View of Traveller Starting
Work on Forest Hills Extension, May 3,

Washington Street Looking North, View
of Guild Street Yard and Air Compressor
Machine for Riveting Hammer. May 12,

Traveller on Washington Street
near Cedar Street-Looking North, May 12,

1910

1910

1910

1910

1910

1910

1910

1940

1940

1910

1906

1906

1906

“Orig. No.

748C
758C
761C
767C
770C

774C

819C

6024

6030

6033

Source

Carp. Center

Carp. Center

Carp. Center

Carp. Center

Carp. Center

Carp. Center

Carp., Center

Carp. Center

Carp. Center

MBTA

Carp, Center

Carp. Center

Carp. Center
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HP31

HP82

HP83

HP84

HP8%

HP86

HP87

HP88

HP8I

HPY0

HPI1

HP92

HP93
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List of Historical
Description

Yiew North along Washington Street
near Guild Street.

View South along Washington Street
at Kingsbury Street-Showing Start
of Transverse Bracing.

View of Mainline Looking West at
Highland Park.

View South along Washington Street
from Townsend Street.

View South along Structure at Townsend
Street Showing Installation of Cross
Bracing between Girders.

View North along Washington Street @ Bray

Street Showing Second Section of
Transverse Bracing.

View South along Washington Street @
Bragdon Street-Showing Staging for
Riveting Crews. Egleston Square is in
Distance,

View of Egleston Square Station Looking
North along Washington Street.

View Looking North along Mainline Structure

at Franklin Brewery Company.

View North along Mainline Showing Tie
Laying near Circuit Street,

View Towards Structure South of Forest
Hills Street and North of Green Street.

View South along Washington Street
near lUnion Avenue,

Egleston Square Station View South from
New Concrete Platform.
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Photographs
Date ‘Orig. No.
May 12, 1906 6034
June 19, 1906 6071
July 2, 1906 6075
July 16, 1906 6078
July 16, 1906 6080
Aug. 13, 1906 6081
Aug. 13, 1906 6083
Aug. 22, 1906 6088
Sept. 25, 1906 6095
Oct. 18, 1906 6103
Oct. 19, 1906 6106
Nov. 7, 1906 6114
July 30, 1908 6239

Source

carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Carp.

Center

Center
Center

Center

Center

Center

Center
Center
Center
Center
Center
Center

Center
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List of Historical Photographs

Fig. No. Description Date Orig. No. Source
HP94 View of Egleston Square Station Looking

South from Columbus Avenue, Sept. 10, 1908 6269 Carp. Center
HP95 Egleston Square Station-East Elevation. Oct. 5, 1908 6271 Carp., Center
HP96 Egleston Square Station Looking

North at Canopy Framing. Oct. 6, 1908 6273 Carp. Center
HPO7 Interior of Lower Level - Egleston

Square Station, May 29, 1909 6368 Carp. Center
HPG3 View along Mainiine at Green Street

Station Looking North. Framing of

Platforms. Feb., 21, 1912 6061A Carp. Center
HPG9 View from under Green Street Station :

Looking South. Feb, 21, 1912 6062A Carp. Center

.HPIOO Setting of Column Bolts in Concrete
Foundation, May 23, 1908 6043 Carp. Center

HP101 Setting Column Shoe Casting on Anchor
Bolts. June 6, 1906 6061 Carp. Center

HP102 Stony Brook Culvert with Concrete Piers
for Bent #774, May 13, 1908 6218 Carp. Center

HP103 View of Forest Hills Square and Forest
Hills Railroad Station Showing Streetcars
Bound for Destinations Southwest of Boston, c. 1905 - Private
: Collection
HP104 View North of Traveller Erecting a Single
Pylon Portion of Structure over
Arborway. Aug, 19, 1908 6242 Carp. Center

HPL105 View North from Forest Hills - Team and
Wagon Unloading Steel Girder, Aug. 19, 1908 6246 Carp. Center

HP106 Forest Hills - View of New Haven R.R,
Bridge over Arborway and of Mainline
Crossing Arborway. Aug. 24, 1908 6250 Carp. Center

- HPLO7 Mainline Structure Entering Fforest Hills
. Station Structural Framing. View Looking |
- North along Washington Street, April 16, 1909 6313 Carp. Center
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List of Historical Photographs

Cescription Oate

View North Underneath Forest Hills

Station Structural Steel Framing. May 5,

Concrete Reinforcing on Arborway Crossing., May 8,

Reinforcing for Concrete on Mainline over

Arborway View Looking West, May 21,

Covering Steel Girder with Concrete at

Arborway. June 28,

Metal Lath Installed over Steel Girders
Prior to Concreting, View along Mainline

Looking South. June 1,

Forest Hills Station - View South from

Platform. Feb. 8,

Forest Hills Station - View from Arborway

Looking South, July 28,

Forest Hills Station - View Looking North

from Railroad Embankment. Nov. 16,

Forest Hills Station and New Haven R.R.
Station - View from Coal Tower Looking

South. : Nov. 18,

View of Arborway Train Storage Yard
Incline from Mainline - Looking East.

1909
1909

1909

1909

1909

1912

1910

1909

1982

1910

-Qrig. No.

6331
6333

6360

6394

6375

60538A

6031A

6489

6498

6045A

Source

Carp. Center

Carp. Center
Carp. Center

Carp. Center

Carp. Center
Carp. Center
Carp. Center

Carp. Center

Carp. Center

Private
Collection
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APPENDIX D

List of Historic Drawings

Driginal Architectural and Engineering drawings from which these éopies were made
are in the plan files of the Massachusetts Bay Transportation Authority (MBTA)
Engineering Department, Boston, Mass. AccesSs and use of these drawings currently
(1986) is restricted and may be reproduced only with the owner's permission.

Structural Drawings
Driginal BERy

HAER Number Description Date Drawing Number

HD -1 Map of Mainline between Dudley Street

Roxbury and Sullivan Sq., Charlestown. 1903 -
HD-2 Map of Rapid Transit Lines - Forest

Hills to Sullivan Square. 1913 26455

. HD-3 Map of Forest Hills and Roxbury

Sections of the Mainline. April 9, 1956 M-a-15946 -
HD-4 Map of the Charlestown-Everett _

Section and Washington Street Tunnel, April 9, 1956 M-a-15947
HD-5 Map of Elevated Lines - Distances

between Stations, Length of Platforms,

Capacity of Car Houses & Sidings. June 19Dl 1D863
HD-6 Map of Pleasant Street Connection. - 20801
HD-7 Map of Boston Neighborhood Popula-

tions Serving the Boston Elevated

Systems. _ Feb. 23, 191D 38098
HD-8 Elevated Railway Foundations Compiled

by Boston Elevated Railway. 1905 3748A
HO-~9 Typical Foundation Drawing for

Roxbury Mainline. June 1B, 1899 11235
HD-1D General Drawing Bents #112-#121:

Roxbury Division
Concord Street to Newton Street. Feb. 21, 1899 25676
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Date

MA-14

Original BERy
Drawing Number

HD-11

HD-12

HD-13

HD-14

HD-15

HD-16

HD-17

HD-13

HD-19

HD-20

HD-21
HO-22
HO-23
HD-24

HD-25

Plan Typical Portion of Mainline along

Washington Street: Bents #11D-#122.

General Plan: Bents #4D-#66
MainTine between Garfield Street and
Harrison Avenue.

Typical Longitudinal Girder -
12 panels.

Typical Lateral Bracing Steelwork
No. 3.

Typical Elevations and Cross-Sections -

Showing Form and Methods of Construc-
tion of Elevated Mainline Structure.

Typical Cross Girder 'A' - Tracks out
of Centre.

Typical Cross Girder, Elevation of
Cross Truss and Posts-Design 'A',

Typical Cross Girder Oesign 'E'
Elevation of Cross Girder and Posts.

Design 'F' Typical Arched Bent
Elevation of Cross Truss.

Design 'F' Preliminary Study Orawing,
Plan, Elevation and Section,

Typical Cross Truss'L'.

Typical Cross Truss 'N',

Typical Cross Girder '0',

Typical Cross Girder 'P'.

Details of Cross Girders and Posts:

Bents #19 & #20
Roxbury Division.

1899

April 21, 1899

Dec, 21, 1897

Dec.

Dec.

28,

21,

March 4,

Dec,

Dec.

Dec.

Feb.
dJan.
Jan,
Jan,

Jan.

27,

18,

14,

1897

1897

1899

1897

1897

1897

8, 1898

28,
28,
27,
27.

1895
1899
1899
1899

April 15, 1899

25656

25652

20258

20254

20252

20286

20259

20256

20258

20277
20279
20280

20281

25713
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Date

Driginal BERy
Drawing Number

HD-26

HD-27

HD-28

HD-29

HD-30

HD-31

HD-32

HD-33

HD-34

HD-35

HD-36

HD-37
HD-38

Roxbury Division - Details of Dpen
Webbed Cross-Girder Bent #6D.,

Roxbury Division - Details of
Bent #96.

Roxbury Division - Bents #2D05 & #206 -
Typical of Bents along the Pleasant
Street Extension,

Roxbury Division - Cross Girders &
Posts Bents #1212-#1218,

South Approach - Washington Street
Tunnel, Transverse Girders & Columns -
Bents #1232-#124D.

South Approach - Washington Street
Tunnel, Diagrams of Bents #123D-#1231-
#1233-#1234-4#1238-#1239-41241-#1242,

South Approach - Washington Street
Tunnel, Foundations for Columns -
Bents #1227-#1228-41229,

Roxbury Division., Foundation for
Post #1DDDE - Washington Street at
Circuit Street - Showing Utility Pipes
passing under foundation,

Dudley Street Terminal - Cross Section
of Loop Structure with Deck Girders.

Detailed Plan of Wye at Dudley &
Washington Streets,

Drawing - Typical Foundation -
Forest Hills Extension.

Plan - Forest Hills Extension,

Forest Hills Extension - Diagram of
Bents #778-#782.

April 26, 1899

Mar. 29, 1899

Jan, 1899

Oct, 1899
Mar, 19D6
Mar, 19D6

Mar, 19D7

Jan, 31, 19D2
Feb. 6, 1899
1899

Feb, 23, 19D6
Nov. 21, 19D4

Feb., 19D8

25716

20294

20323

2D33D

25737

25743

2D575

11419

26373

13D1D

11423

26454

26764
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Structural Drawings

Description Date

Original BERy
Drawing Number

HD-39

HD-40

HO-41

HD-42

HD-43

HD-44

HD-45

HD-46

HD-47

HD-48

HD-49

Forest Hills Extension - Details of
Bent #783. April 1908

Forest Hills Extension - Plan of
Foundations 836E & 837W = Stony
Brook near Williams Street. Sept. 21, 1906

forest Hills Section - Details at
Cross Girder #887. Sept., 17, 1929

Forest Hills Extension - Diagram for
8ents #920-#932 - Showing Stiffeners. Aprii 21, 1905

Plan - Washington Street. Fforest
Hills to 400 Feet North of Arborway.
Section F-6.

Forest Hills Extension - Bents #791-4796

over Arborway - Showing Steel Plate

Structure Encased in Reinforced

Concrete, Mar. 1908

Forest Hills Extension - Details of
Reinforced Concrete Encased
Bent #797 above the Arborway. Apr. 1909

Forest Hills Extension - Details of
Reinforced Concrete above the
Arborway. Apr. 1909

Forest Hills Extension - Details of
Reinforced Concrete Bents #790 & #797. Apr. 1909

Forest Hills Extension - General

Drawing - Bents #798~#804

Plan and Elevation Showing Abandoned

Ramp to Former Arborway Storage Yard. Jan. 1908

Forest Hills Yard Leads - Layout of

Steelwork - Bent #800E to #FH6 -~ Plan

and Elevation of Ramp to Arborway

Storage Yard. Sept. 1909

26722

20574

26714

26751

26751

26766

26789

26786

26790

26754

29600
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List of Historic Drawings

Architectural Orawings

Qescription Qate

Original BERy
Drawing Number

HO-50

HO-51

HO-52

HO-53

HO-54

HO-55

HO-56

HD-57

HO-58

HO-59

HD-60

HO-61

Oover Street - Station Plan of Main
and Intermediate Platforms. July 20, 1960

Oover Street Station Contract Plan -
Original Center Platform Layout. Aug. 7, 1900

Oover Street Station - Sections and
Interior Elevations,
(A.W. Longfellow jr. Architect) 1900

Plan, Cross Section, and Elevation of
Standard Platform Canopy. March 4, 1899

Steelwork at Qover Street Station for
Center Platform Layout. June 21, 1893

Oover Street Station - Elevations of
Canopy Roof - Entrance Stairs.
(AWM. Longfellow jr. Architect) April 23, 1901

Oover Street Station - Oetails of
Ticket Office,

(A.W. Longfellow jr. Architect) 1900
Dover Street Station - Section through

Side Wall.

(AN, Longfellow jr. Architect) 1300

Oover Street Station - Plans and
Elevations of Modifications and Changes
for a New Station. April 1911

Oover Street Station- Additions and
Reconstruction Elevations. Aug. 1912

Cross Section of a Typical Center

Platform "Island" Station,

(Commonly used on First Phases of

Mainline Construction). ' 1899

Northampton Street Station - Platform
Plan and East Elevation, Aug. 6, 1900

37421

21650

21652

20297

20300

27370

21659

21653

28237

21604




HAER Number

Boston Elevated Railway Company

HAER No. MA-14
Page 217

List of Historic Drawings

Architectural Drawings

Original BERy
Drawing Number

HO-62
HD-63
HD-64
HD-65

HD-66
HD-67

. HD-68

HD-69
HO-70
HD-71

HD-72
HD-73

HD-74

Description Date
Northampton Street Station - Plan &
Elevations.
(AM. Longfellow jr. Architect) 1899

Sections thru Northampton and Dover
Street Stations Showing Details of
Plumbing. Dec., 17, 1900

Dudley Street Terminal - General Plan. Dec. 9, 1898
Dudley Street Station - Surface Flan. 1902
Dudley Street Station - Elevations. 1899

Dudley Street Station - Cross Section -
Central Waiting Room.
(A.W. Longfellow jr. Architect) 190D

Dudley Street Station - East Elevation.
{AW. Longfellow jr. Architect) 1900

Dudley Street Station - North Elevation
& Cupola Details.
(AW, Longfellow jr. Architect) 1900

Dudley Street Station - North Elevation
of Northeast Waiting Room.
(AJW. Longfellow jr. Architect) 1900

Dudley Street Station - Transverse
Section thru Centre of Central
Waiting Room. 190D

Dudley Street Terminal - Cross Section
of Building at Bent #T16. March 13, 1899

Dudley Street Station - Elevations &
Sections Showing Proposed Changes. Dec. 1906

Dudley Street Station - Elevated Level
Plan Showing Proposed Changes. Aug. 1909

21600

21612
25355
27566

21533

21561

21562

21564

21567
26386
27580

27583
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List of Historic Drawings

Architectural Drawings

Original BERy

HAER Number Description Date Drawing Number
HD-75 Dudiey Street Station - Surface Level. Aug. 1911 27588
HD-76 Dudley Street Station - Elevated

Level, : Aug. 1911 27589
HD-77 Roxbury Division = Elevation =

Bartlett Street Switch Tower, June 26, 1901 21919
HD-78 Dudley Street Station - Platform Plan -

Showing Reconstruction of East Loop. Nov. 7, 1973 74825
HD-79 Dudiey Street Station - Lower Level

Plan. April 3, 1949 37419
HD-80 Egleston Square - Station Plan. March 24, 1961 37417-1
HD-81 Egleston Square Station - Plan &

. Elevations., Dec., 19D6 2838D

HD-82 Egleston Square Station - Sections &

Elevations at Gallery. Dec. 1906 28332
HD-83 Egleston Square Station - Interior

Details & Section thru Canopy at

Enclosure, Dec, 19D6 28391
HD~84 Egleston Square Station - Surface

Plan Showing Addition for Surface

Car Station. May 1916 28619
HD-85 Egleston Square Station - Enlargement -

Elevation on Columbus Avenue of Surface

Car Station. May 1916 28621
HD-86 Green Street - Station Plan. June 16, 196D 37416
HD-87 Green Street Station - Sections and

Elevations of Waiting Room. Jan, 1912 35085
HD-88 Green Street Station - Sections and

Interior Elevations., Jan. 1912 35D87
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List of Historic Orawings

Architectural Drawings

Original BERy

HAER Number Description Oate Orawing Number

HG-89 Green Street Station - Details of

Elevation and Section. Jan. 1912 35089
HGO-90 Forest Hi1ls Station - Plan of

Surface Level, Sept. 15, 1909 28676
HG-91 Forest Hills Station - Plan of

Elevated Level. Sept. 1911 28688
HO-92 Forest Hills Station - Surface

Level Plan, Sept. 1911 28689
HD-93 Forest Hills Station - Elevations and

Section. Feb. 1909 -
H0-94 Forest Hills Station - Longitudinal

Elevations through Platform

. Bents #783-#786. Oct. 1908 28160

HO-95 Forest Hills Station - Detail Concrete

Form Work for North Wall of Station. July 1909 28672
HO-96 Forest Hills Station - Details of .

Reinforced Concrete Bents #784-#788, June 1909 28658
HD-97 Forest Hills Station - Interior

Elevations - East Elevated Platform. Sept. 1909 28675
HO-98 Forest Hills Station - Details of

Reinforced Concrete North and South

Pavillions, April 1909 28657
H0O-99 Forest Hills Station - Details of

Form Work for First Story Pilasters

Span 790. Span 784 is similar. April 1909 28659
HO-100 Map of Streetcar Lines prior to

Construction of Rapid Transit Systems. 1885 -
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MAP OF BOSTON, SHOWING LINES OF THE WEST END STREET RAILWAY CO.




